Pollination of 
cultivated plants 
in the tropics 



FAO 

AGRICULTURAL 
SERVICES 
, BULLETIN 




Pollination of 
cultivated plants 
in the tropics 


FAO 

AGRICULTURAL 

SERVICES 

BULLETIN 

118 


Edited by 

David W. Roubik 

Smithsonian Tropical Research Institute 
Balboa, Panama 


Food 

and 

Agriculture 

Organization 

of 

the 

United 

Nations 



Rome, 1995 

CzDy(' ;ht6<J material 


The designati(^ employed and the presentation of malohal in this 
publication do not imply the expression of any opinion whatsoever 
on the part of the Food and Agriculture Organization of the United 
Nations concerning the legal status of any country- tarritory. city or 
area or of its authorities, or concerning the delimitation of its 
frontiers or boundaries. 


M-11 

ISBN 92-5-103659-4 


All nghis reserved- No part of this publicabon may be reproduced, stored in a 
retrieval system, or transmitted in any form or by any means, electronic, 
mechanical, photocopying or otherwise, without the prior permission of the 
copyright owner. Applications for such permission, with a statement of the 
purpose and extent of the reproduction, should be addressed to the Director. 
Publications Division, Food and Agnculture Organization of the United Nations. 
Viale delle Terms di Caracalla, 00100 Rome. Italy. 


© FAO 1995 


Copyrighted material 





Pollination of Cultivated Plants 
In the Tropics 



F(hnI and Afirk'nltiirt' Or{iS3inixali«Hi <»f tiu* L'nilod Nsilions 


Copyright- material 


Contributors 


Marri) Aicorti 

Islitiilo S|)f rimenlale |»*r la Zoologia Apraria 
Casrine del Riceio 
•SOI 25 Firenze, Italy 

Stephen L Rwliniaim 

Unitetl States Uepartment of Aprieulture 

Carl Hayden Bee Beseareh (ienter 

2(KX) K. Allen Road 

Tucson. Arizona 85719. USA 

Ar1 Davis 

De|>artinent of Biology 

U niversity of Saskatchewan 

Saskat<K)n. Saskatchewan S7N OW O. Canada 

Peter G. Kevan 

D*-|wrtnient of Environmental Biology 

U niversity of Guelph 

Guelph. Ontario N IG 2\\ I . Canada 

Rainer Krell 
Icon Development 
\ iale Regina Maighcrita 2.59 
(X)I98 Roma. Italy 

R(kI P. Macfarlane 
Buzzuniversal 
33 Vi(KHlside Common 
(diristcluin h. New Zealand 


Makhdzir Manlan 

Universiti Perlanian Malaysia 

Malay sian Ihs- Research De\ elo|>ment Team 

4.3-MX) .Serdang. Selangor. Malaysia 

John K. S. Mliaya 
National Beekee|)ing Station 
P. 0. Box ;J4lfi8 
Nairobi. Kenya 

David W. Rouhik 

Sniithsoiiian Tropical Research Institute 

A[>arta{lo 2072 

BallMta. Repiihlic of Pananiii 

or Unit 0918, APO A A 8I<X)2-(X)48. USA 

R. (7 .Sihag 
Department of ZcKilogy 
CCS Haryana Agricultural University 
Hisar I25(XM-, India 

P. F. Toro hio 

Bee Biology and Systeniatics Ijrlmralory 
Uuiteil States De|jarlmeiit of Agriculture and 
Utah State U niversitv 
Izigan. Utah 84.322-5.310. U SA 

Mohd Basri Wahid 

Palm Oil Research histitute of Malay sia 
B. B. Rangi. .S-latigor. Malay sia 


This on* 



LQB5-C07-Y17Z 


PnlUiutlioit of CulUmteit Plants in tin' TropH\%\ ia| 


Figttres & Acknowledgments 


(Mmvnil ArknoH ledfancnh 

For pio\i(li!ij 5 ewrllmt working fatilihes aii<l assistaiu o iIm* 
f'tlitor tliank> tlx* LSDA-L uJi Stale I niv»*rsil\ Ikt* Riolo}^ 
and Sy?4emalic.s l^ioralon ami iL>* pen^Him*). |Kirliailaiiy P. 
lotrliHK T (iri^wold. Twilla I laiix*n. J. \amk*iilK*!)i ami \. 
Te|M*<lino. and als<» the I lah SUiU* Lnivei'sity (#rapliit*s-l 
l^ilNiralopi (P WiNNllatwl )^li)ii(‘alion Dcsi^umd PnKlii(-ti(»ii 
l)e|Kif1ineril. S|)ec uJ llumks arv als<> ^veii f(«‘ })il>li<^at>liK' 
assisUimvhy L J. G. vanderMm-stMif \jjnnilliiral I ni\nsil\ 
tile Nellieilamis). U. Mllaiuieva (I nneisilN of 
K.) and Mr. (duiielijuuiy>m\al (ASK W-CaiuKla 
Fon>4 Tiee Seed ( )eriliv I'tojivl. Miuik I i 4;. SimJ mii. lliailajn I). 

Fif!ures. Tables. i^i Acknou leflfimenls 

1. p. 2 a luimmingliinl. Pliaelliominae. 

2. p. 2 a worker lumeyliee, A/iis niellijera. adapleil 
fmni i',. Nixon. 1055. Hie world i»f lk*e>. New ^oi-k 
Piiilosopliieal Kiliraix. New ^ork, illiisiration by 
Arthur Sinilh. 

3. p. 3 a ily. Calliphoriilae. 

4. p. 4 a v>asp. CenerLs. 

5. p. 4 a weevil. C^ueurlionidae. 

6. p. 5 a haukmotlu Sphingidae. 

7. p. 5 a *ll\ing fo.x*. Ptenffm. 

8. p. .5 a k‘af nos4‘<) Imt. I^iylloslomatidatx 

0. p. 1 1 a flower, .showing the n'pnKliieti\e slniehiivs. 

10. p. 12 a diagrani of |H>iiinatioti slaming ‘selfiiig* and 
Nmlemssing’ (original drawing h\ (« Kevaip. 

1 1 . p. 15 Table. Benefits of difleivnt nnKl»*s <»( 
|M)llination to soin«> plants gnmn in the tnipies. 

12 p. irM'art<M>n [N)rtru\ing lM*iiefits of augnitMiled 
|M)llination by U^es (origitial drawing by 1. Smilfi). 

13. p. 18 Animal Pollination and tlu^ Coiisunu r. 

14. p. 22 Ktisaeeae: pear and |K*ai b floueis {Pmniis 
and l^yras) reprinlml b\ jiennission ln»n: Simpson, B. 
B.. Conner ()gor/.aly, \l. P>8f). Fx imomie iHitany — 
plants ill our world. New 5ork: Me(h-au-Hill. 

15. p. 25 giia\a flower (/Nn/mm ^uajara) lepriiitf^l by 
|iermission from: Simpson. B. B.. (Conner Ogor/aK. M. 
lOBT). Fx'onomie lK»tan> — plants in tnir world. New 
5oi4i: Me(inm-Hill. 

16. p. 27 Papilinaeeous legume (Kgriol ami 
ea(*salpiniaeea<His legume {Cassia), (lower and fmil 
reprinted b\ |K‘iinission from: Sini(>son. B. B.. Conm*r 
Ogor/aly. M. lOflfx Keonomie lM>lan\ — plants in our 
workl. New' 5ork: \le(»i-aw-Hill. 

1 7- p. 27 miniosaemuis h'gume flowtT ( Mimosa) 
reprintml b\ [lennission fmm: Simjison. B. B.. ComuT 


()gor/al\. M. P>86. K<-onoinir Uitain — plants in our 
world. New \oil<: \le(iraw-Hill. 

18. p. 30 hoiie\lK"e. \pis meltijern. visiting but not 
|M)llinating a flower of tiil elouT. 

10. p. 31 (jU(‘t‘n liomlms |x>llinating the flowers 
of red elover. 

20. p. .32 histogram showing impmved elover seed vield 
with inen*a.se<l bumblelH'e eolonv numlier. 

21. |). 30 Bosaei*ae: 1 h*it\ flowers ami multiple fmit 
[Huhus] rf‘prinU"d bs [M*nnission from: .Smpson. B. B.. 
Conner Ogor/iily. VI. PW). Keonomie iMitany — 
plants in our world. New York: Mr(imw-llill. 

22. p. U) Table of available bee. binl and Imt 
|M>llinaloi's on Atlantie and Indian Oeixina* islamis. 

2.3. p. 12 Table of available bee. binl and Uit 
|N>llinalois in tmpieal Paeifle (K eaiiM* islands. 

21. p. H |uission fmit flower ami fmil {Passijlora 
iuluHs) reprinted by pennission fmm: Simpson, B. B., 
(Conner ()goi7.alv. M. ^A•ono^lie liolaiiv — 

plants in ourworid. New Vork: Metiraw-Mill. 

25. p. .50 tamarind f ruit and {Tanmrindus indica) 
mprinletl by |M^miissiori fnmi: Sini|)son, B. B.. (anmer 
Ogor/ailv. VI. lOfffi, Keonomie iMilanv — plants in our 
world. New Vork: Me(iraw-I lill. 

26. p. 51 litehi fruit {\q)helium ehinensis). reprinl<"d 
with |K‘iinis'^ion fmm: Bailev. I.. H. 193.5. llie 
standard evelo|K'dia of hortieiiltiin*. New Vork: 
Vlaemillan. 

27. p. 51 mseapfile \]i>\\cy {Syzyf'ium jamiMts) ivprinted 
with pennission fi'om: Bailev. K. 11. 10.35. 

*Fhe stamkml e\elo[)edia of hoilieiilture. 

New Voilv: Vlaemillan. 

28. p. .52 mango fmit and flower [Man^rifera indica) 

n prinled bv |K‘nnission finHii: Sini|>son. B. B.. (amner 
Ogor/idy. VI. Keonomie Uitanv — plants in our 

world. New Vork: Vle(»raw-Hill. 

2<). p. .53 sesame fhmerand fmil (.S»winm/« indicant) 
n'printed bv pennission from: Sini|»son. B. B.. ('.onner 
Ogor/alv. VI. PW). Keonomie l>otanv — plants in our 
world. New Vork: Vle(/rav\-Hill. 

'iO. p. .51 |M‘p|M*r fl(»wer and fmil {Pi/H'r ni^rnm) 
rt*printed bv |M*nnissit)ii fnaii: Simpson. B, B.. Conm‘r 
Ogor/aly. VI. P>86. K< (>noniie lH»lany — plants in our 
WJirld. New Vork: Vle(/raw-liill. 

.31. [). .5() e(Koiuit flower and fmil {CtKm nucifera) alter 
Beumee. .1. (7 B. P)28. I)e bimmieii van 
nueijera. I„ 3h)[). Natuur. 17:7*12. 

32. [I. .57 African hones I mm* {Apis mclfifrra st ulcllafa] on 




V ^rial 



lhi‘ inflon^siMnK r {(Mlft'o amltira\. 

I^iioln l>\ S'iiu Morris. ()\lonl S'irnlifu' 
lakrn in I’aniitiui. 

33. (). 3M simllowiT flimtT head {lleliantlius (nmims). 

\{hi|)1t'it fnmi Mr(/ic'^»ir. S. K. 1976. 

31. j». ()0 srtiiiHi (if '•iinllower [Ilc/ianlhiis anmms), 
>h(A\iii‘i (j| tliUf'ls and arlu^ius*. Adapted 

Iroin Melai’iior. 1976. 

33. p. 6l oil palm Ihs*. inlloi'Csr<'iu-e. iiilmrtesrence 
and Imit [Elari.s r(‘prinl«‘<l by iwmiission 

frotii: Siiii(»>«»n. H. Ik. (iomirr ()i:or/alv. M. I9ti(). 
Kroiiomic lHilan\ — [>latil< in onrwoHd. 

\fu Aork; lilL 

.'V». p. Mj ajiuve In lull ll<nu*i l■l*pli^l^*d with |M‘rini>>iun 
fn«n: Mail«*\, 1.. II. I93.A. TIh* standard cyrloprdia of 
lutrlK'uhnn*. New Aotk: Ma<-iuillan. 

37. p. 67 cashew (If)wer and fiiiit i \inii tmlmtn 
tHvidviiialr) reprinted with jM’iinisdoii Imm: Haihw, 1.. 

1 1. 1933. Die >laiidanl cu lo|M'dia 4>l hortienllim'. 

New Aoii.: Macniillan. 

.*y», p. fi7 hi riba (lower and Imil {Hollinui ({f!uio.\tt) 
n'prit)lnl with {►ennission Inmi: Bailey. I.. H. 19.13. 
'Hie >tandanl eyct<)|M‘dia of lnnliciiltuie. 

New Aork: Ahu'inillan. 

39. p. ()B amiallo 11(4W4T and fniit (Hixa orvllvana) 
u‘printed In )K‘inii">ioM fmm: Siin|)soM. B. B.. (amner 
0^(»r/alv. M. I9ij(>. Keuiioinic l>otariv — plant." in our 
worhl. New Aork: Mr(iraw-I (ill. 
in. p. 69 Ciu umb. |eneurniM*r) lh>wejv repniit«*<l by 
[sTuhs^ioii (nun: .'^irnfwui. B. B.. Conner O^or/alv. \l. 
I9B6. KciUKjniic Utlany — plants in «uii world. New 
Aork: M( ( iraw-l lill. 

11. p. 76\uca ilowei' and Iriiil {\Uuiihnl csm/en/n) 
n'printt*d vsilh |Munii">ioii Inmi; Baihw. I.. II. I933. 
The >lan<lanl cv^'lofx'tlia ol hoilieultnn*. New A«jrk: 
Macmill an. 

12. p. 71 ('f/ifris visitiii)' l\i.ssif]ora floW4 i. alter j. M. K 

Caman^4i. in (h»ltslK‘is'er. 17. Cainarjio. J. VI. K. 
Sillh-ibaiier-(iottsiH-i)ier. I. Bot. Jabrb. Syst. 

BK>: K)9-.3(Nt. IV-nni^situi gi\<‘n In publiduT and 
artist. 

13. |i. 71 U>l>aeeo inllon‘s< ene<' {.Mroliiina hi!>ficujn) 
I4“juint4'd with lu-nnissioii Irom: Bailey. I.. II. 19.33. 
l h«‘ stan<lar»l eycl4»[)t*<Iia ok hotlicnlliire. Ntwv Aork: 
Ahu-inillan. 

t-1. p. 72 lhjw(*rs and Imit ol .N»lana4-4‘a4*. tomato 

{f.\roffSfrsint/i t^scuInUum}^ 4-hiIi (H‘pp4*i’ 

fnUt’Mvns), iSoIamifu nit'ltt‘!f'na). rx*print4*4l 

b\ penni’^don Inun: >imp"4m. B. B., Conner 0‘inr/aly. 
M. BlBt). I'a-onnmie U)tain — plants iii <uir worhi. 
N4 ‘w Aork: Me(»itiw-llill. 

13. p. 73 Imit ami [lower srrlioii ((^Hao - Tficohronui\. 
U». {». 74 )us»tropical rural house r4*priiite<| with 
jH‘nnission from: Bailev, 1.. II. 1933. Hu* NtandanI 
cyclofMHlia ol lu)rtieiilliiie. New Aork: Macmillan. 

17. p. 73 nuulside plajited with a 4liv<*nsily of plants: 
Ox’o.s. Hiinscm. Gliricidiuin. (Aiftsicum. Caruui. 
erika nut. 


U>. p. 76 a hcd^4‘ of Mntfinna. ri*piintf‘d with 
}M*nni>sion horn: Baihw. L H. 19.33. Tla* Ntaialanl 
cyclopnlia ol iKuliciiltun*. New Aork: Macmillan. 

49. p. 77 a loadside planted with Chru idium. Musa. 
Om 4«. and ’elephant puss’ for [iuhhn'. 

.30. p. BO an example 4)f land use lor (jplimiziti^ ns#* and 
mana^emenl ol wild |tollinat4U |M»|)ulatioii". 

31. p. B1 a paleoIn)|)ieal iiiral house. 

32. p. *42 a ch*anvinj: liawkin(»th visiting a flower. 

.33. p. *42 a l4*male anlliopli4>rin(‘ Imm*. \i\tlu>j>hora, 

adapted from (^. Nixon. 1*).3.3. llu* worhl oi Ih^es. 

New Aork Bhilosiiphical l.ibraix. New A4uk. 
illnsiraiion by \illuir Stnilh. 

.31. p. *>2 a [iair4>[ luimminglards in the ne4)lr»>pi4 s. 

.33. p, *>B \\(H ii4lo (/Vrven). 

.36. p. */> )C(|nircmenl> to inipro\4* inc4Uiie fnun 
ap'it'nitnn* tlmHiy'li 4*nlian('eii )N»lliiiati4Ui. 

37. p. OKI a anthophoHiu' Imh*. I)<i.s\jhhIii ihTi) cihI a 
nu'piehilid U*e. Mr^tuliHr (ri^ht) adapt4*4l (nun (7 
NiviHi. I*t33. Ilu* W4ul4l of B4'4*>.. N4 *w Aork 
Pl)il4»>4»[)hi4-al l.ibnirx. New A4uk. illuMtuthm l)V 
\hlinr Smith. 

3B. p. lOl SKM ol branched InhK liaiis (4 . Ip/.N 
nirllijrm >howiiig l(Klpsl p4j|len grain 4tl Ifiist hji'idia 
tfuumi. 

39. p. 101 SKM ofthe >lipna napus. 

()0. p. lOl SKM s|i4*wing |K»llen pain g»“nniiialing (»n 
stigma 4»[ /^ra.s.s/c</ napus. 

61. p. 102 SKM of tile "tigma oi Erhium planla^incum 
still unre4 4*ptive to |>ollination. 

t)2. p. 102 high magnilieali4)ti ol srneral [i4)lh*n grains. 
g4*nninale4l grain aiu! pollen tnU* U*lw'4*t*n s#*|)iiraled 
|»;ipillat‘ ol stigma. 

().3. p. 102 Ilii4>ics<'4*in-e mi(‘i(»graph 4»f p(»llen lnl«*s on 
s(jiia>l)ed Mvh' ai Echitan. 

61. p. 10.3 diagranmiatii' S4*iiip ol exr'hi"ion bagging 
t*xj><Mim4*n!^. 

(>3. p. I()3 flmv4‘r ly|H's. a^six-ialeil charaeh-rislies and 
|K>llinal4)rs. all4*r Dagni I l*4)2l. 

t)(». p. 10*) diagram f»l a flower, slmwing repnHliicti\e 
si melures. 

(>7. p. 10*) fl(w\eroi hybrid eohimliine ( hpiUrf^ia), 
sh(»wing >pm>. [inHlueing nectar. 

(41. p. 1 10 inllonsicence and SKM siwnving tan tary. 
stomata aial [xjtx s of biigh*W4*4*d. ijit^a iviftans. 

()*). p. I lO in(lore>cen4'4- an<l SKM >li4)wing n4*elai\. 
iitn-larial 4li>k. stiunata. |x>r4'> and s4*ction timuigli 
iHX'tary ol Echium planla<iimim. 

70. p. 1 10 liroad liean {Mein jaint) showing ne< lai 
sampling pnK e<liiiv with filter paper wiek, SKMs ol 
Ihuul necUuy. exlrarepixxlnelive nectaiy on stipule 
and tiichomes. 

71. p. Ill llowei 4»| UiltiM us and SKM of ne4 taiy 

st^-ivloiT lri< honi4*>. 

72. p. 1 1 I alfalfai l/nAcr/pi ,sy//nY7): SKVl ol nectary. 
sNumila and jwues. 

73. p. 112 trees ol yelhiw pun {Euriilvplit.s Iciitoxvlon)’. 
lloweis.. SKM of floral l up. net tary suiTice. (Mues 


VI 


Copyrighted material 



74. ]). 1 12 flonil tlm^niins luH tur alKiiKlaiii t* 

anti sugar ron< t*nlrdlioii. 

75. ]). 1 1.4 lor sampling ni't lar anti 

measuring sugiir ctmeenlralitm. 

70. p. 1 1.4 ceiUrifiige luU's ft)rS lu‘ul melluKl of 
exiraetiiig iiot-tar Imm Htmt^rs. 

77. p. 1 1 I iiisiniineiils fordt'h'rmiiiing iieelar sugar 
I'onreniraiion ami pli<»lograph showing applit alion o( 
nectar lt» relratloineler with micrtM‘at>illai\ anti IhiIIk 

7^1. t>. 1 1.5 plot of nt‘ctar \<»lume against 1 <Iiamt‘t(T o< 
nectar s|)otttMl on <‘limniattigmphN 

79. p. 1 1.5 slamlani ciii\e ol ahst»H»ance versus tjuality 
of nectar sugar. 

{K). f). 117 mil t>l ( lm>nK)lograpli\ pu|H‘r s|>t)iit‘() at 
hast'line with netiaranti slamlani sugars. 

81. 117 |ui|M‘r clmMiiatognims. 

fl2. p. 1 18 graph** demonstrating rt‘ahsor))tion t)f nm-tar 
sugar. altt‘f Ctjrhet and Deltosse. 

8i^. p. 1 19 Uigging anti lalM*lling techniques ajtplini to 

Ecluum. 

81. \K 122 diagram t»f anther ol a *i)nzz-jM)llinalctr* 
plant. Original drawing h\ M. I). Uuchmann. 

R5. p. 12.4 halit titi hee hii//.-t‘ollet‘ling |N>llen from 
antheis of a |M>ricidaiK tlt‘hisc(‘nt (ilanl. alter J. M. K 
(.ainargo. in (rtittsUnger, (7, (^ainargt>. j. M. K. 
SillM"rl)auer-(7)ltsU’rger. 1. 1*^18. 8t>l. Jahrh. Syst. 

1(W: W>9-.5(K). Pennissitm gi\en h\ puhlisherand 
itrlisl. 

8(). [). 12.5 Tahle t>r the kisic t heinical ct»m|Ktsiiion t>| 
)M)lltm. 

87. p. 127 .^KM of the |M)||en grain of a ( aicurhilaceae 
in the hrariched hail's on a l»*es UmIv. 

88. p. 141 diagram t>f the Iwsic |>oIlen transfer schemes 
in plant hreetling sysltmis (aftt*r Kichanls). 

89. p. 1.42 selling ami crossing in sexual repiXHluctitm 
of plants (original drawing h\ C. Kc\an). 

*)0. p. l.% tliagram s[u>wing /ig-/iig mmement tlmuigh 
cmp, lx»th in rt'waitling situatitins when many lltnvers 
an* visitml. anti in l«*ss n*wanling situalituis. when tin* 
crop is tra\ei‘si‘d mon* rapitlly. 

9| . p. 147 as|>ecl ol the tiance language t»| a htincyU*e. 
tpw mellijira. shi>wing the wagglt* danct* (original 
tlrawing hy C. Ke\an). 

92. f). KUl diagram sluiwing ]M)llinatt>r mt)\enit‘nl 
hetween tmes (original dniwing hv C. Kevan). 

94. p. 149 diagicun showing tMillinalta mtiveinenl 1mm 
iKittom It) tt»p — Im)| 1) on a laqie infltm^scences and 
hetwt*f*n inllon*scenct*s or plants. 

p. 140 female XyliKttfHi mhhing nectar hy 
peiforaling the llowerol (UnUmsenm. alter J. \l. K 
Camargt). in (aitlslM'rger. (7. (aiiiiaigo, J. M. K, 
SillM*rhauer-(yotlsUTgci; 1. 8t>t. Jahdi. Syst. 

1 0‘):409-.500. (Vrmissitm given hv publisher ami 
artist. 

9.5. p. 140 female A v/m-o/wi harvesting the nectar t»f 
Cammtluu after J. M. F. Camargt). in ( K)llsl>tn^t*?-, (7. 
(^amaigt). J. \1. F.. Sill)erhauer-(7)tlslH*tger. I. 

Hot. Jahd). Syst. 109: U)9-.5(K1. l't‘nnission given hy 


puhiislier ami artist.. 

%. p. HI phemilogy of the inajtir inane cmps. shtming 
I)utl. flt)wer and Imil stages it)rigiiial tlrawing l)y C. 
Kevan ). 

97. p. 142 a hive design lor .4p/.v (vrana. 

^J8. p. I f.4 two dt*signs ol |M)llen traps for \pis centtut. 

W. p. 1 1-f fninie anti t)|H*n hives t)f Ipw (vmtut: hives 
plact'il in ctM’omit plantalit)n in soiitlu*asl Asia. 

100. |). 1 h5 hiv«*s for nests of (*ar|M‘ntt‘i Im*cs. 

101 . f). l U) iiidiv idua! frame for eaiiienler hee m*st 
hiv(‘s. 

102. p. 1 U) two coml) stacks ofcaqMMiter U*e hives. 
slit)wing piiK’ediite lor ohtaining pmgivssive 
et)|t>ni/«ilion of rran)t*s hy dividing (Kcupietl tu*sting 
l)t)\. 

10.4. p. 1 17 m*sl hives Utxt^s with caqM'iiter 1 kh»s 
(A iAxopfi) showing fram(*s. ln*«*s in tunnels, anti nest 
l)t)\ plaeemenl in Ikh* shelter. 

101. [). 149 tile ‘|K)llinalt)r fon*e* et)net*pt giiiph. applieil 
to Afncaii t)il palm |M)llinalion l)v vvtHw ils. 

105. f). 1.50 queen t>f stingless I>et‘. Siafftt^rifiona. 
sumnimit'd hy workers on hmtiti t*t>mh. adaplt*tl fnan 
Sakagami ami (7imaigo. OX/). 

UK), p. 152 luisic slingless Inv hive tiesign. 

107. |). 1.57 Table t)f relative aceepianee of \niumio 
ami Kicinus stems as nest tunnels hy tlinerent wild 
|)t)llinalois during different years. 

108. [). 1.57 stxla-slraw nesting sites in lioxes anti waste 
slt*ins ol Antmlo ft)r nesting l)v megaehilitls and 
\}i(MOfta. 

UK). [). 1.58 ct*lls of CfnilictMhnut nthrifH's and C. laiuihi 
in o|¥*ned nesting tunnels of tU'^lor stems. 

1 10. p. 1.58 |)urtiele hoani nesting domieiles ft>r U*es 
shtwving inst*rted stnla straws. 

1 1 1. [). 1.58 drillt*ti nt*sting tunnels in |)artiele lM)anls. 
Iieltl together with an in>n frame. 

1 12. |). 1.59 Tahit* o( nt*sting lM*liavior, iiesil limiu‘l 
iliameti*rs. amhit'ul ilighi tt*m|>t*ralun‘s of some 
mt'gaehilid ami xyltM-opine U*f*s. 

1 14. [). 1.59 |H*nnanent U*e shelters, matle from mud 
aiitl angle-iron. 

1 14. p. 1.59 |M‘rmant*nl Ihm* shi'lter erectetl at the etige 
t)f an aifalia flelil. 
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1.1 l\TRODirTfOV 


AImhiI 6(M) y«*ars ago plant crops cjitcrcd a pimsc (>f 
increasingly l>enng groun in countries lar imni their 
origin, with suhseqiienl massive changes in W(nlcl 
pro<luclion. Few pollinators or pollination ne*e<ls were 
considered, despite knowledge that plants often ie<jiiire 
|H)llen transfer by animals (rather than hy wind. gra\ it\ 
or water). At present, it is evitleni llial crops cullivale<l 
in the tropics are often pHnluclive with [Hillinalors that 
did not travel with them to their new homes. Some, 
like Xanilla. an* pollinated l>\ hand, lacking the native 
neotn)pi(’al jMillinatingea^/o.wme /«*e. Eulaenui. ()thei>. 
the vast majority. ar(* p<»Ilinate*d hy animals similar to 
th(»se in their place (»f origin, and these include itiserls. 
hats, and birds. A few have l>enefited dramalicallv fnan 
pur|Miseful introductions of selecletl native |M>llinatoi*s. 
suc h as the n ecvil. Hlavidohius lor the African oil p/Z/n 
in the plantations of Asia and the Americ as. 

Ortainly many plants need fairly specializecl 
pollinators, such as the mcgachiropteran hats that 
pjdlinate the ditrian of semiheast Asia. However, 
seemingly most crops are pcdlinated hy the 
unspec'iali/ed flower-visitors Omnd alin<»st e\er\wh«*re 
in the tropics, such as native Ih^cs. /nmev/w'c.v. 

and in wide areas of the tropics, inlnHluced nesfern 
hive Iwes. \pis mellifera. either in wild, unnuinaged 
populations, or in apiari(*s. 

Selective breeding of plants also has made it possible 
to obtain some fniits and seeds without pollination 
— for example* Mission and Kadota jifis dc» not need 
|M)llinators. but their wild Ficus progeiiitoi's and almost 
all <»ther figs need a species ol tiny uasp. Kv«*n se>, 
despite the convenience «>f exlremelv domesticated 
cro[)s tliat have no pollinator reMiiiiremenl. the need 
for cross pollination in seed and fruit production 
predominates and should receive greater attention as 
more crops are raised ccmimerciall). We can already 
list over 7.S0 plant genera cultivated on a large or 
small scale in tropical areas. Including the cooler 
highlands (see Appendix I). Only fragmentary 
information is available on pollination needs and 
pollinators for many of these impoilant plants. Many 
processes are involved in obtaining mark(‘table cn>ps 
fnmi the varied plant speedes used in the subtiopic s 
and tropics. Some have been < idtivat(*d for thousands 
of years, atui some onlv now are lM*ing converted Irom 
wild f<»rest cr<»ps to managed, sustained populations 
under cultivation. How. th(*n. cun pcdlinaticMi 
science best sene the needs of tropical agriculture 
now and in the future? 

Much more work Is nee<b*d b<nh in research and 
applied te<‘lmologv. Fortunatelv. many pollinators and 
plants are (lexible enough to (it into new settings. 
Within mixed plantings and in cultivated areas that 
are not extensive moii(K*ultures. the natural diversilv 


of tropical organisms (see bdlovving secti(Ui) (»flen 
sup|M>rts the repHnluction of ex»)tic plants. In terms 
of |H»llinati<m. however, only a fra<‘tion of ec<»noniically 
im|)ortant plants have bc(*n studied anvwli<‘r(* in the 
world. This is easilv appre«*iated in the confusion that 
exists about pollination re(]uiremenls aimmg diflerent 
cultivars for widespread cn»|»s. We now know that soim* 
man^o. citrus, man^osteen and Shorea < an make 
mature seed and Inut tlirough 'a-sexual* pr<M e*sses. F(»r 
[)lants that produce without pollinators, the resulting 
seeds anil ofispring plants iwe clones, genetically like 
the f(‘inale parent. Although v(*getalive pritpagation 
is the rule for some crops, manv are established from 
seed. .Seed production is. with few exceptions, greatly 
iniprovefi by im/rro.v.v/ng. iir piillination whereby pollen 
is exchanged between different plants. Plants may 
further require specialized |H»llinators or costly hand 
[jollinalion for normally seedless fruits — like 
fnneaf)fde and liunana. 

Without reliable information on \\\c breeding system 
and mechanics of )><»i)ination. explanations for success 
or failure of a crop will be incomplete. For instanci*. 
cardamom, a seed crop ginger that is native to Asia 
and pollinated by Apis dttrsata and I. cerana. was 
imported long ago to Jamaica, where \pis is lor the 
most |>ai1 absent. Native lM*es likely take the place of 
honeybees, but this knowledge is insufficient for 
pollinator conservation or pollination management. 

W hut d(M‘s the future hold for tropical agricidture and 
its pollination needs? (Consider the following: About 
f)() years ago in the L nited States of America, where 
many of the fruit, seed ami nut c rops grown on 
<*ommercial scale anvwhere in the world were under 
exploitation (pailicularly in wanner areas ol (ialifoniia. 
Florida and Hawaii), it liei’ame very clear that 
protluclion cindd increase by c areful management of 
[Mtllinatiou. Size and quality of the crop ini|iroved with 
better pollinator sen ice. Two other obsenatioiis were 
also very impmtuiit. First, ugriculturul an*as were 
(‘oming under such intensive use that tin* pollinating 
insects and other animals living in the more natural 
habitats wc’ie In'ing driven out or destroyed. Then* 
were fewer potential pollinators available. Second, 
large-scale crop prcMluction requiied large |M»pulations 
of appropriate p«»lliiiaton^. The rational answer seemed 
then to be. and still is, *bees in boxes* — the familiar 
Furopi*an honi'vbee. brought in by truck by the 
thmisunds whem*verand when*ver needed. Now then* 
are other 'bees in Im»xcs‘ that do not lorm large c<»lonies 
but can lu* rearc'd in large number and manageil — 
ready to bring ti» a i nqi as flowering begins. The age 
of the 'designer pollinator* is beginning, and it will 
take many years of dedicated effort to decide bow best 
to eni[)loy this tool. 

Most developing countries have yet to go through the 


Pollintifhui tij ('iihtvaUui gUtuts in th‘ Tmftivs 


|Kuns()f su|>er-<lt^Neli>|mient — wlieiv \irtuall\ i*Nm sijiian* 
inHerof LiikI iv(jiilres mana^'eineiil for its inl^iuleil u>.e. 

ihis slalt* f>l oflairs alrmly applie*s lo a jKirt of 
ihe Inipics. L iiless('otiservation(»r|N>lliiutl(»t>< aiwl kiHmIcdjs* 
of tlieir art* as g<Kils. lliere is no ^iiaranU‘t* 

\vhabM)t*\tTlliat fx^lirialion needs will Ih‘ niel. Ii»*ss<His fnmi 
de\elopmenl o( |M»ilination seieiiee in all parts of llie \>oiid 
are vilal. as are those already applied in the tropics, 

Stiid\ (»f |>o]lination ecolog) and pollinator management 
an* fonns of insurance. Although no monetar> value can 
lx* placed on ln>pical |x)llinalors — it is t(K» enormous 
to estimate relialdy — most f)lanls must have an animal 
visit their ilouers to t)nHiii<‘e s4*eds. (ruit and mon* o( 
tlieirkiiul. It would l)e a (*omple|el\ dillen*nt world witlioiit 
|M>llinators for native plants, and it would lx* a mncli 
|HMirer world w ithout |Millinalor ser\ ice. l>oth native and 
ini|Mirle<l. for the many fniil. seed. fiU'r. hanlwiNMl and 
other pHNliM ts that an* mainstays in tntpical <*4-onomies. 

This hook is a guide for development of |M)llinalion 
ivsources in the trot)ics. A major shiire of the ellfwl imoh es 
lH*ekeeping with \pis s|M*cies. or honeybees, because 
only eight species among many thousands (»1 |Mi||iiialors 
are honeybees, potentially humlreds more might he 


managed or ‘enhanced*. In coming years this will he 
essential lo insuiv that agiicultuiv. silvicultun*. horticiiltuiv 
and consenation can pn stress togHher. \\ ithout fKjIliiuilors 
and neetled advances in their study, these vast interests 
may not f)n*gress at all. 

I«l«f Tropteal Flotcer lixilorx 
& PoiUnaioirs 

Although appmximately half of all animals that |X)IIinale 
tnipical plants are l>ees. the remainder aie an extremely 
varied group. Tliey iiu'lude far-ranging hats and 
hawkmoths. as vv<*ll as liny agaonid wasps and ihrips 
which are barely ca|»ahle of siislainerl (light. Kven bees 
are snrin'isingly \arie«l — over of all species have 
nothhif! fo dt* H ith horu’V or colonies^ and most of them 
buiM ni*sts in the gnmnd. The animals that visit flowers 
(or (o4n 1 should include lO.(KK)s of s|K*cies. riiis sei tion 
presents a tabular summary of their groups in the 
subiropit's and tropics, giv ing estimates of species 
number in dilTereiit regions. Many flies. lM*etles and 
bats visit lloweis only o<*casionally. riiey should not 
be taken as etpiivalent to lull-time fxdliiialors such 
as bees or some liitxis. 
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- 

. 

- 

Pit) 

Huniniiii^rbinlx (Tnu-liilirtuel 

:W) 

- 

- 

- 

'.ealbinl^ M OtIx'O ((J))]nr4)|e.f‘i(lue) 

- 

in 

- 

- 

).ori<s. ihiriitiarf 

. 


2 

.‘»0 

Stinliinls (.Nrrlariniiilae) 

- 

(>n 


1.! 

\V hilr-e\fs (/o?>ltTopi<la4‘) 

- 

i.i 

f>0 

10 

Olhns 

>i(N» 

>7.> 

>:m 

>.>n 



2) Boom fortlc^r Uffutonopioram suporfamUy .tpoldoa) 


Pollinalor (iroiip 

.ififfroxhnutt 

So. Sjtpcipx 

in (iitPit Tropicat ttogion 




NeolromrH 

Africa S 

m SK Asia 

AuAlrulania 



Ijjiig-Tongueil ( Apldue*) 

2IMK) 

IIKMI 

HKK) 

20 



I.img-Tmimnsl tti*!*?. (Mrgac-liiiidai 

‘1 KKM) 

KKNI 

i:>(KI 

."lO 



Sliort- TongiH'il tAndieiiidufi 

Sluirt-Totigueil ((iollelidae) 

200 

too 

I(M» 

;«)0 

.">0 

KM) 

2000--,^ 

■i-i 


SIxHl-TorigiHil tHiiliflidai*) 

2000 

7(Mr 

.VN) 

.lOO 

- 


Slim1*Tiitigii«‘<l iMt'lilliilae) 

20 

KM) 

■iO 



.jiHt ^ 

* iiirluilin^ liirin<‘rlv 

II a M'|iaratc fainity. \iilhii|ili()i'iila<* 



r- 


Copyrighted material 


f'lie* (order Mptera) 

Poilinator Group Approximnlf So. Specieg in Given Tropirat Kefeion i 

Milxinlrr Nrmat«M-rra 





\niso|M)(li(ls f \iiiso|MMii<lar) 

>10 

>I(K) 

>100 

1 

Hlac'k h'lirs (Siimiliulut*! 

>ltM) 

>I(H) 

>100 

30 

(irant* |Ti|»uli<iat') 

>HM) 

>RM> 

>100 

70 ! 

Fungus (iiial;> (Myc'etophiliduel 

>1(X) 

>|(M» 

>1(X) 

220 1 

(«all Mi<lge» (Cei uioimiidae) 

>1(M) 

>I(K) 

>11X1 

HO 

March Flies (Bibiunidae) 

>1IX) 

>I(KI 

>1(XI 

2.1 j 

Midge> (Fhirononiidae) 

>1IX) 

>IIK) 

>1IX) 

i;«) 1 

Minute Scavengers (S*alopsidael 

>10 

>10 

>10 

20 : 

MoH|iiit(M^ ((iulit'hiae) 

>KH) 

>I(K) 

>1(M» 

230 

M«)lli Flit'S (Psvch(MHdae) 

>10 

>10 

>10 

TO 

Rtxil (itials (Sciaridae) 

>100 

>I(K) 

>1(M) 

00 

Sand Flies ((!erat»|>og(Miidae) 

>1(M) 

>I(K) 

>HH) 

2(K) 

sulMirder Brachveera 





A[>i«x eriils ( A|)iiH-eridae) 

>HM) 

>I(K» 

>HM) 

75 ' 

Bee Flies (Bombviitdael 

>l(M) 

>I(H) 

>MM) 

no 

Bigheaded Flies (Pi|Hinculi<lae| 

>100 

>I(H) 

>HM) 

50 

Chvninivhls (Chvronividae) 

>10 

>10 

>10 

3 

Daticj* Flies (Kinpididai*) 

>1(H) 

>|(M) 

>I(Kt 

<«) 

Flesh Flies (Sarcophagidaet 

>100 

>I(K) 

>11X1 

70 ' 

Frit Flies tChh»n>pi<lae) 

>1IX) 

>I(K) 

>11X1 

i;« 1 

Fruit Flies (Tephritidae) 

>1(H) 

>|IK) 

>11X1 

130 

■ Horse Flies ( rubaiiidat*) 

>1(H) 

>I(H) 

>100 

210 

Htiiise Flies (Muscdilae) 

>KM) 

>I(H) 

>11X1 

2(K) 

Mo\er Flies tS> r|»hidae> 

>100 

>I(M) 

>MHt 

170 

llunipbacktNl Flio il’horidae) 

>1(H) 

>|(M) 

>MM) 

'JO 

laui\atiiids (l^uxuiiiidact 

>11X1 

>I(M) 

>11X1 

230 

I^Mig'Iit'ggeil Flii's tl)<»licho|H>diflaei 

>I(H) 

>I(HI 

>11X1 

130 

Micro-fieaih'cl Flies ( Aen>eeriilae) 

>10 

>10 

>10 

30 

M\daids (Mvduidue) 

>10 

>10 

>10 

35 

Nernestrinids <Nt‘meslrinidae) 

>M) 

>10 

>H) 

(>0 

IV|eeoHi> neliids (l^elecorlivnehidaid 

>10 

>10 

>10 

30 

P\ rgolids tPw^olidae) 

>10 

>10 

>H) 

70 

RobiH'r Flies ( Asilidae) 

>100 

>100 

>1(H» 

3K0 

Shore Flies (Kphvdridae) 

>1(X) 

>IIHI 

>11X1 

55 

Smoke Flit'S tl*|ah|M'zi<lael 

>10 

>10 

>10 

10 

. Siii|H* Flies (Rhagitmithie) 

>10 

>10 

>m 

(i5 

Soldier Flies (Stnilioimitlae) 

>UM) 

>I(H) 

>MH) 

MM) 

S|>ear-\V inged Flies (Lmchopleridue^ 

>10 

>10 

>10 

I 

Stiletto Flies iThrev idael 

>100 

>I(M) 

>l(Kt 

M>0 ; 

Tachinids (Tachitiitlae) 

>1«X) 

>100 

>11X1 

520 

Thicklu'aded Flies tConopiduet 

>H1 

>10 

>Mt 

75 

L pside-dtmii Flies (NeunK'liaetitlae) 

>10 

>10 

>m 

3 

- \ itiegar Flit's (|)n>sophiiidae) 

>100 

>|(H) 

>11X1 

70 . 



i\>llinalion o/Cuiiiiaiftl Hlanh in tiff Twpirs 


4) Wasps (order Uymeitoptera) 




PttUilutIttr (iroup 

.ipproxhnate jV«». Spprieit 

hi (riven Tropirol Rofnon 


I\i‘otr«»i»i4‘s 

Afrira ?■ 

. & SK Asia 

Aiislrulusiu 

IchiMninmniilai* 

lrliiu‘iim<»n> (xihlani. INiiiplinat*! 

y 

>A 

>5 

> •’ ^ ^ 

(!liaK'i(loi(l(‘u: Kig Wasps iAgaonidat*! 

>I(KI 

>100 

>IIK) 

. ^20 ^ 

\(‘S]M>i<lra: S|ii<)4‘r Wasps (l\»mpilt(larl 

>I(HI 

>100 

>|IH( 

>KKr----J 

TipliiidslTipiiiidar) 

>I(HI 

>1(K) 

>l(Mt 

>100 ^ 

Sroliids (Srnliidae) 

>10(1 

>100 

>HMt 

>700 - 3 

\i*spids (\<*spidur) 

>I(KI 

>l(Kt 

>100 

>!(t 

Kutiirtiids iKitnii'nidac) 

>I(HI 

>l(Kt 

>|0(» 

>100 

Ants thomiii-idat*) or Konni<-oid**a 

>I(KI 

>UK) 

>UH) 

>;too % 

S[j|M*<'oidea: Spheruls tSpheridae) 

>I(HI 

>l(Kt 

>100 

>100 1 


1 S) Beetles (order Coleoplera) 




RoUhutlor (ironp 

Approximate \o. S/ 

evieit in f*irew Tropicni Hefiion 


\«M»lroiHes 

Afrira 

S, & SK Asia 


Anl*likt* Kiom*r lirrilfs ( Anlliiridae) 

>I(H) 

>|(K> 

>1(MI 

170 1 

Hlisit'r Beetles (Meloidae*) ' 

>I(K) 

>l(Ki 

>1(H> 

()0 

Cur|M‘l Bi***tl«'s 

>I(KI 

>100 

>l(KI 


r.liri kt-r Brrtlcs (CIrridar) 

>1IKI 

>I(KI 

>1(KI 

;{(M) 

Click Bcrilcs (Klalcridac) 

>I(MK) 

>l(KHi 

>10(N> 

010 

Darkling R(‘cdt‘s (Tctitdirinniduc) 

>I(MKI 

>I(KMI 

>MNM( 

2(«1 

I^d\liinis i(aM'<*incllidac| 

>|(K» 

>100 

>\m 

2(»0 

I^af B«*cdt*s K^lmsoinclidae) 

>)(KK) 

>I(KM> 

>|04MI 

21(H) 

IJ/anI iiccllcs (laiiiguriidae) 

>I(KI 

>|(KKt 

>I0(K) 

10 

Duiglmnis (Ccraml>vcida<’) 

>I(HKI 

>|(KKI 

>|0(K) 

loto 

Marsh Bcclli-s (HdodidarO 

>|(K) 

>I(K( 

>1(K) 

AO 

Metallic W<HidlMinl(*rs (Bllpr<^s|idur| 

>I(HM) 

>I(NK> 

>10(Kt 

B(H) 

Ncl*wiiigcd Bcclhs-. (L\cidac| 

>|(M) 

>UK» 

>HNI 

2(H) 

()4*tlc»mcri«ls (Oedoincridae) 

>100 

>|(K» 

>HK) 

«r> 

Pvthids (P\(hi<iaet 

>I(H) 

>|(K» 

>MK» 

5 

Hliipfiiphorids (Bliipiplioriilaid 

>100 

>100 

>l0(t 

(lO 

Rove Beetles (Stapliylinidae) 

>|(K)0 

>|(H» 

>MNt 

6A0 

Saf> BiN'lh^s iNilidiilidac) 

>|(K) 

>I(K) 

>100 

120 

S-aral) Beetles (S'aral>ai*idai*) 

>I0(H) 

>|(HK) 

>)(HM) 

2100 

S'raptiids (S-rapliidae) 

>I(H) 

>I(HI 

>HH» 

i:> 

Shining Khmer Beetles (I’halacridaet 

>I(H) 

>|(H» 

>HM» 

70 J 

Silken Kutigiis Beelh*s ((^nptophagidaet 

>I(K) 

>IIK) 

>UKI 

20 ,41 

Srtft-winged Khmer Beetles (Melvridae) 

>100 

>I(HI 

>100 

250 ^ ^ 

Sihlier Beetles (Canlharidae) 

>100 

>I(H) 

>100 

MK) ’ a 

Slag Beetles (l.iH'aiiidae) 

>100 

>I(K) 

>UM» 

75 ' fl B 

T1iri>s4'ids j Tliroscidaet 

>100 

>I(H) 

>HH» 

5 \ 1 

Tuinhling Khmer Beetles (Mnrd<‘llidd4‘l 

>100 

>I(H) 

>100 

120 A 

, Wei'x ils ((ainndioiiidat‘1 

>1000 

>1000 

>IIMH) 

OHM) 


f 


Copyrighled material 


6) Biillvrlilios and flolhs (order 

lA’pidopleru ) 


1 l*uUi$tntor (irtntft 

Xltfintxiinatf Vo. Spe 

riex in (Hri’n Tropiral Krfiitni 



Vrriru 

S. & SK A?*iu 

.\ii^trulu<»iu 

Arrliid> i \niiidat*l 

KNK) 

7(M) 

0(H) 

.AO 

hmsh>F4M)(fMl (Nxmpiialidax* 


>|0<K) 

>|(H)0 

1(H) 

llav-Molli> raiiiidmd 


10 

10 

•> 

llair-'lrt^ak' U.vt utMiidarl 

>1IN)U 

>|(HK) 

>|(H)0 


Mollis iMicropIrrigidar) 

.1 




lluli’l Miilli'.|\(N'lniiliirl 

>1INMI 

>|(HH) 

>|(H)0 

>t(HH) 

SkipiK'fH (H‘’^p«'riidac| 

KNNI 

KNM) 

KHK) 

KHI 

Sphinx or Maxxkiimlhs (Spliingidai*) 

ino 

2(M) 

)(K) 

!(0 

Snipliurs (Pirritlarl 

HM) 

IIM) 

:i(K) 

.">0 

SxxallimlaiU |Papilioni<la<‘) 


>2(M) 

>100 

20 

TiiKU’grriids iTinafgt'riidar) 

20 

.')0 

:>o 

- 

^uri-a \lo||t>i (l*n»dn\idaf) 

>10 

>10 

>10 

>10 

/xgacnid^ (Zygacnidao) 

24N» 

1(H) 

AO 

• 



7) Kats, narstipials & Kwlvittx (vluss flauimalia) 

PoUiliaior (inmit \ititntxiiU4ttv \o. S/wfU’s in (Uven 7'ro/>/r«/ Kvfdini 

N«*olronlr<t Afrira S. jC SK A«»ia \ii«»lrul»^tH 


Kmil linls. Fixing F»\rs iPlornjMMliiLirl 
Leal'iio^ed Hat> iFh) Ilo>lomati(la«’) i Ul 

/ealaml -Imri-iailtHl ]>al 4Mx>larini<lat>) 
Fixing L<*imir> <l)<*miopUMu> 

Pxgiiix l^halaiigtT (Uiirramx i<lu(*) 

Marsupial Mir<* ll)a?»xundiM*) 

(duirrs llVlaiirid;H‘( 

Poi^Htinis (Pluilatigcridarl 
lionry PoH>«iiin (Tar>*i;M’di(la«‘) 

0 (M»s-»inns iDidrlpliMlar) 

Slm*xxs |Mi( nihiolliiMiidac) 7 

RinglaiU and (>lidrr>< ipMHidiM'lH'iridat*) 

Kush KatH(Miiridarl 


H) Thrlps (Thtfsatioptt^ra) - Tliripid<i<», Mnihriintlni', 

(uul tttUers. u orhtu nte. \o. sfH’cios > .i(M) 



htUintnioti oj'Cuhintirtf in //«• TniifHiw mriS'f ini 


I.f^ HtHctnlm- nmlbrnk 


Hii> numual Jt’nri(*s snnn* major kloa.- am) atUanoi-'. in 
|)ollinalor hoiooii<»n and ifio potrntial lor maria^<‘m<*iil. 
0)inin«‘rrial < r«»{)s and tho dcvfln|mu'fU ol rimipivljon^ivt* 
|)ollii)a(ion piopamiU(‘> arc discii><^‘<i in dcUiil. alon^ 
vvilli mclliod> and tlicon. In the tii>.t part ol the IxHtk 
(Nt lions 1. 1-1.7| ucdis<‘iLSv‘iet‘ncral ksiics. ic\icu apjilied 
[Millination in (he tiopi(’^ and sul>tropi(‘s. and make 
rcc ommcmlalions on llic present and Inlun* stinly t>f 
pollination as applied to siislainabh* a^ricidture and 
conM-mUion. In I In* sti'ond part of the InHik. Sections 2. 1 - 
2.3. we piesimt more deUiilcil ini’onnation for [mllinalion 
n*searcli ami pollinator tiianafienient. I’lm*** apjM’mliccs 
liJlow. \p|M*ndi\ 1 is a list ol eiiltivatiHl and M*mi-<*ullivaU‘«l 
planis Uliose liarxested in tin* wild and lo some extent 
enctmiap:i*il to pow llu‘rrn. It is not e\haiisli\e. U eause 
then* an* main additional omainmital {ilaiils. plants UM*d 
lor m«"dM iiuil pnr|>oses and tlitise used lor tiinU j. W hat 
is kiiriwn ol iIh* hretxlin^ s\s|em and |M>liinator is ^M\en 
lor i*aeh s|wx ies in the \pp<’iidlx, alonp; with Ixslanieal 
flata such as famih. <-nnmion and seieiili(i<* ruinK*s. and 
place of orijiin. The list also { onlains some major timber 
s|H*eiesol tiopical n*jiioris. \j»{H*ndi\ II gives |>ollination 
contracts and honey lx*e eolurn standanis that can Iw* ustxl 
in emk'! to let pirMlnceis and (Htllinalion s|ieeialists liclfi 
each other to lH*ncni liom tlm s<*rvic(*s reiid<*rcrl tliiough 
a|>|)lMxl )M»llina(ion U-vhiw homuil orwnllcn ;ijy^'enHiits 
st*ein <-ss<*ntial lor this puiints**. In \[>piiM|j\ III jiH available 
|H*sticides an* listixl with sjNx ille n*ganl to llielrenccis 
«>ri bees an<l Iwiielicial ofganisms in general. 

\\4- have made eihals to nwiew tlie wliole ol (Millinaiion in 
till' tmpics. and then place it in llit* |M rs[»'c!i\e suggest'd 
lo us In onr practical <*\[M*rienecs in field and appiini 
science. V )ar«;<* and soiiu uiiat <*onipliealed lileralmv is 
[ml ill a (onn accessible lo nx-hnieiaris, shulents aiKi olheis 
wIh) may liuve no extensiu* training in lM»tany. ztH»logy. 
agnuumn. <xx)!og\ or animal Ih'Iuiuou! — timse an* the 
fields that [ternieak* the entire subject <»i pollinalion 
Us'hiiokiyn an<! make it one of the most kLS'inalingofapplkxl 
si*iem es. |] is lh<* eomlnnalion of inariv diseiplirie.s. 
1 m K ind Ingelber in the inlen’st ol niid<‘istandingand applying 
n ology impnne pnxliK ti<m. [m^m*ss towanl suslained 
and sell-sunicieiil agnciiltiiic. anti ioiiscixe wluit an* among 
ihe rntisi vital ol all n>oun*es; the animals llial alhm plants 
lo repuKluee their kind. 

This is luH a U*ekee[niig mannal — iminy excellent general 
or regitmal livatments. litr all levels of s4tpliis|ii-iiiion. alivady 
an* available. Nor is tliis a lextUntk on plant genet ies ami 
bn*t‘ding. This litMik is a conileiisctl guith* (o evaluating 
[Millinatioii nxjnirenienis ofetojw ami oth**r (x-ont»inieally 
ini|>ortanl plants. iM'donning th<* critical laUtratoix and 
llelil tests, an<l making ratitmal aiul lealislie choices ol 
enips and [>oliinat«HS whmx* management tkx isions are 
imtilvetl. We tki prov ide giiiil»*lines lor afiicnltim* ami 
introthiee several new or h*ss well-e\phir<*4l hums of 
[lollinator '(‘ultivalioir. FAam|ii<*s of af>plit‘d [Mtilinalion 


limmghonl the tmpics an* gi\t*ii lor tlie jMilhnators tliat we 
discuss. Agricullimd jn'sllcide use is tliseiisstxl in sevt*ral 
sections. Kvalnating jM>llinalion seniei*s also is ln*aUxl. 
amls|H*cines h)r miuiagemenl iind iHiliinalionaivgium for 
major enjjis selecleil iioin over a tbitusiiiKl (bat are gmwn 
till aMirprisingly large scale among tn»[>ieal etHinlries. I'lie 
issues of |H>sl-|>ollirmtioii iiumagcnumt ami bane>t are 
given due ct»n.sidcmt ion. \\ ilh a little mon* llmugbt and a 
lot nunc elfoil. these e\amj>les can Im* exfiaikltxl l»y the 
next generation of pollinalion scientists lo make some 
netnlixi im[>m\emi*nis in ihe ways that plant.s and tlicii 
re((uir«*ments are umleisloo«l. The hk-al ami wttihl 
txonomiis will ctmtimK* to di'inarid their <*\ploi{ation and 
impm\i‘i)H*iit. We mm iin*U‘ginning loivalize towluU extent 
a (xKiiribution can Ik* made iKistxi iifMin knowing all tli«* 
details of p>l)iiiatioii and putting them to goiMl use*. 

iMlililioiKil for liilnMliirlMtiO 

ViHitl. [). It ami Iwha^Hiuri/llutr 

{EriiiiMHnti jufKmiiu IJrnH«sl. FV*-, Imi. Nal. S*i. 

\jlk«'ll. V lOT 1. liliH*. <-liiiuili* iuifl ^■tHKy[M‘; TIh* <4 

a}oiinilliir.il lo chmalt* lhnni^i Ikmrring Mclixiurm*. 

Vuslralia: MrtlHiumr I tii%. t’ns>.. 103 |>[>. [a ln*atnimt ol iuUi\r .umI 
iii!n«iiM'('«li*ni{sl4rltit-|4<inl atvhltnrliifwiimtj 

\manil. I'. 1070. fslmlsflt* j■•lini/.^;alM•n^onK'4il,inTl [tlmilasifc- ini«'n‘s*x* 
ntriM'irnU-onmioltnisil. 1 ( t>[ 7 »«. \|K<’.:ri.'Vria. |fix‘ii^soiilt*guriH*s 
f-iilU'r. -4iiin<mi'T. 

\iHwniiHHs. OH/r A luilioiKii (K(^T<U))«4'rr'S';ui'hr«irtH-«‘^ 

l> afTtviitKc tiwn. Uasiiirijiiorj. I>. <!: Liiik'fl Stal«*s lVi-|yir1tiM-nl of 
\pri»iiltim*. 'Vi |>|*. 

Anlltaki>hniUi.T. Mumixiiksi/lhnis. lh-\. Fjilomoi.^ttVTI' 

*Ki. jliimiornii'h anil a n*\i<*vi of |HifKilalion (KiLimirb. Hilh nh'iilion of 
|iol)iiMlois| 

\})|vubih. S. iM |in*>>'>. flowrnn^ ol i|i|i4t*rm'at]> lorrsL'. in llu* 
tnipii'ta. In: uni)fl<*\ilillih ofliHJo^i-iilc-omiminilMs tnllurlualitv: 

fmininnii'tilb. II. IliHihik. 1. Inmit*. P. S. Athlon. (ifU.). ,|. Binr^'i. 
lbiifipl<'im*nlL Ian inir kw maw-ilirnttiiig iit A'ria U a 2'!^ 

ili|i in ni^tHiiiM* t(‘ni|N‘ralun* for Imir lo live ni^il>: ni<(N>..nii\t.fniio ln*t*'> 
an* (Milliiuti'd 1» Ikmrr lhn|K< itial mulli|il\ ra|)i(il> »ilhin IrjiLv. :ut<i al.so 
liv |tol)iitator>. liiniing tnwn (KJtbkV* ihc* lore**!: [iLtnlb 4iarir^ f>r>ili<i.i<ors 
iloHe-r in M*»jur*nivl 

\ri:'4n'ii<li. Via. <l(*l i.ain(.<hiH'la>.J. K Hninnnngl>inhiUi<llh(*irl1tiral 
nsiHin'fsina »ln funsl in ItHiImfMra 22:172-100. [10 •»! 

(iiilli!iah-<it*\i*lira\4‘{v Ik tank tIu'TiHst attiHHianl n*^(*-rtl. \tntiztJui 
niUftt (ki(iiitKtl<*:> i1t»\v«*r ikiIi'Iu-^I 

VtntSlinii^J \. 1070. Mioth' |M)lliiHtli(inni<Tkiiiisiib> 111 iIm* Viibiniliantlora 
— ai»si»'K. N»*w Z«*.iI.um1 J. UoUniv 17: tr»7-7>OIVfnuik'llM*|mi>ortiiKirtnil 
itii|'«»rtani‘«* of llowoj-vibiiiim ifc*<flj» a* 1 »x*>I1\>Im*»*i!p; fd»r vori»*l)raU*s. 
l)inU. t»ul!*. iiwiiMipuils. |)la«'(*nl<ils an<l nHlrnt.-«: rnipiiaHi^rs nt-*‘it for 
d'4HiftrTati\c* ami oimitaialivc MmlK*^| 

AjETi'ti. S luiiibkt*. I). W. I’ollimilioii h> «l«x i*il in a ii»*«iln>pii‘;tJ 
momH*t‘iou« itu'itiutrula. ni(Kn>|ii« ii 23i2.'V'V21l. |'4ingi*s-» 

U-<* l*arta{fH»Hi [lolliitialrs icHanlkscs knikilc nowcm iHi-atiM* 
thrir bligntLs look lik«* anlhcis) 

Itaik'g i.. H. 10.'ir>.Tl»i* •sajKi;u«h'yrto(K*«liadiflioiiu Ilium*. |2ml hrl.l. Wh 
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V)ii: MimmlLui. l2U^|ift.|r4irllt(* I iiil»ISali*«. 
rov<-nii}!iiKUi> |il;inK litllf itiltmiuliiHi 

(HI |K>lliiuili<u)| 

Hakrr. II. "Mi»ldk«“ |H»lliiiali<»ii U'* a 

M»lrm uilh H|iri-ial n'lrn'iir*' t<» 
llw In: rn»|>iral xariali^Hi. 

iln1'«lit4'atlllnwt«»^^alilm. J. ItiiHin. Ik T.S>I**« 
Ink). Ivnmlnn; Ai-ailiinic IV**--> linr iIm' I jniH-aii 
Sii-it'h. oi '‘(ihjirl: luiukmiilh> |>tiiviili> 

for |Kj|M\a| 

Hakrr. M. {»„ )km.L. K. Iruiikit*. (». \\.. ( 

II I'ittZ. Ui-|>rtMlu«-ii\«' Ititili^ Ilf pl.itM> in 
liii|Mral riHrv<v|<.. In: K. It. (aillr) inl.l. Tni|»iral 
rain fimM •'i-iK»>'-l*-iifc»: '•litH-liin' ami liiiM hoii. 
\m-4i*nlam: KlM-\ii‘i; |i|». UC^2l>>. |lN*iaiik‘ak 
lii'lia^ imiral anil rroii>^i{'al esalualinn of 
rr'pnHltirlion. priiiiarih (!n><la Hu-iiii plarilol 

ltana»/4ik. J.. Maiioli-. I)i\e*rsit\ and 
ilriHtf) ol'|Hi|linalitij; \|ioi<li*ii) in iIm* 

iipii'tillural lanilv-a|ii‘iiri{uinania. IViUk. Pixiii. 
Kill. .>7:7 17-7fji>. 

Italni. S. W. T. MMi7. Kmp [lollinatioii ami llx* 
floiMT ri'lalion-hip^ of lln- wild l>re> of 
i.iHilnana. India. J. Kan. Knlofmil. Sk-. |4);U>i* 
177. |')7 Piiniali Imi* •.(H'cii*^. im-liidin^ 

l■()|]<•(•|4•<l al flimrrvj 

Italra. S. W. 'll l‘J7fi. (lonipiiratixr rlTu-irm-v of 
alfalfa pollinalimi l»\ \omm $nrhtiulrri. 
\tt'j£uthiic ntfunthihi. \nthitiium flttmuimim 
and Mtiuritfplitlu. |>ul>lnifHral %]ii‘ri<v< 

and >!ii*riilioiiM- Miidi<*«| 

Malra. S. \\. I'. I'WII), KroIo>:\. Indunioiii. 

|Mni-ilr*.> and maiu^nm*iil of ilir 
^\ln|klt^l' vrnial U-e-». C 

lfiftmt icu.s and f.' ntUthiA. J. kail's.!' Knlonml. 
Sn-. 

Hau;u k. Iladl<*\. M. I<tl>.) Hc)>nKliiHi\i‘ 

ii'oliip III Impiral loo'sl |ilaiil'. Knim t': Paris. 
I NKSflO. f>l7 |i|». |liolaniral and |Hiilinalion 
im|iiin«‘s. rexkns In linpiral liiivsl «*n4ivusls 
ami >ilvi«-iiltims|«| 

Haua. k. !*■. l1anl-|M4linalior inU'fuiiioiis in 
lni|m iil raiiiliio'slv Ann. Ikv. K»’ol.S'|.2l:.'t‘l'i- 
122. |»lis<-iis«**s \arir«l Infmliiif; s>*lriiis and 
|K>liiiiuliiivorfi>it*s) planls| 

H.ma. k. S. I‘)*)2. Malinj* s)>l!*ins. j'«*nrlir 
dilTi'n'tUialiim ami s|M*«‘iatiim in Impiral rain 
fim*'! |4imls. Bin(ni|>i<M2l:2^)-2>.>. |riii|4k»'t/i‘s 
milrmssin^ ami s(*IMnroin|iiiiil>l\ a> lln* nilr 
inlmpn al uood\ pLmls| 

Ha«a.k.S„ \s)ilnM.I».S..S.llrhMoJnl.\. I'^^l). 
H*-pnaliirtivr t'l'oiofiv ol lm|iiral plaiils; 

nnuui^'im'nt •'(•ui's. In; k. >. Itaua. M. Iladln 

(m|s.). KepmdiH'liir ri'iiliip of tnifiiral foit*s| 
plants. Kraiirr; Paris. I NKSflO. pp. H-Kt. 
|»*ni|4ia.sis no nfmiilmliw' mmlrsof liinlirr. fniil 
livt-s in foiT>.| vHlin^; xrn lii^i lni|u«*i>r> of 
diiK'c) ls«'|iuralr sr\r>L ami u|NMni\is in.S/ionvi. 
(ton mia. MtitifiifiTU tuul f.'i/nt'it 


Rana. k. I Vnv 1 ). IK. ItnlU k. n. 1 1.. On illr. 
If. kLl^nmiL M. II. PJIL\ Nr]inMlnrti>«-|iii4n(^ 
oftnJliir;il lonlami rain li Hi's! Invv II. Polliiuitinn 
iiim-lianisiMs. Atm*!. J. Itoi. 72:ltllkLV>. |llrld 
slmK iMilrnip>sin^. dia-nim'iilin)! airival <iT Liip* 
Ih'I's al Hou«'rs| 

Itoliart. li. K. P^72. Maiuiptnrni of uild lim-sfor 
itir |H»||inalion ol « ro|»s. Ann. Itr\. Kiiloniol. 

I7:2Jf7stl2. 

Ikionitlirt*. A.. JunlaMoiij!. N.. Prt-lilKH'krr. II.. 
Hiilliii^'r. h.. Pl'M. hloral > i'ils to srlrrl rni]is 
In iimr I/wa s|irrii> ami /n^'oria s}». in Tluilanil. 
In: A 1 Inti. Snip. Poll. (1. %an ll•■•■nw'rt. A. ik- 
Hiiijti'i Irds.i. pp. 7 l*Pn. |N. Tliiiiland 
oir hards of f*\ru*. /»rff»iii.» and Kui>hornt 
huifitiii sIhiiuiI imm- visits In nalivr \fHA and 
Trifituui ikin iiii|iorli'd L nirfUlrni]. 

Hnirhrr. II. P)‘>2. I srlnl |>lan|s of miHmpiral 
origin and llndruild ladalix**'. Itorlin: 
Sprin}:ri-\ri-|a^:. 2‘>(» pp. jmmprrln'nsivr 
liotmiral aml«’naHnnirdis4tKsiotilinl lailliiuilion 
si'Idoin iiH'iilioiHill 

(1.uii|iIh'II. |). Ik. Ihuninoml. II. I>. PXP>. Klorislir 
imriitoTN ofiiopirui mHintrii’s. Nr>\ Ami: I1ir 
\t*u Aork Itirianiral ( kutliii. .WApp. |norlduidr 
siininian of s|M'rtrs iirliii«*ss: apprndiris. im 
rollm-lion 1 «i-lini«|m’s lor grnii plasin. |Hillrn. 
u<hnI. Iiads. rtr.j 

(lnm|i4on. >. («.. Ilolioii. k. (1.. It.isliliniok. A. k.. 
van \iNifi.S.. Aim riii. S. L. Waiv. A. It. P»'>I. 
Nudii-s <4 (A’riitii.uJv)i a non-|H4liniilin^ 
4i^ii«mllkv\.Ls|i. lt»i4nifiH-a2rt:ld>t-P)l.| Afnr.ui 
11^ Finis .«UTwmwTi.< visiltil In two fi): v\as|Ks Imi 
onlv |Killiluilml hv otir. fjr<i/ja7M| 

If.(i..<laiiiliir. H.d. Pl*)!. Ni-vv /iMUmrs 
«’iromiiiii«-iialivrplants. Am-klaml: I KlonI I iiiv. 
iVisss, 2TAI pp. jliisloriral and rriMitMiiir Imlanv. 
IMillinalion mil >in|4i4isi/ii|| 

( iidirt.S. A.. \\ illiaius. I. IL<Mii*inK'.J. I - 1')*)!. 
Itii's and tlif |Nillinaliim of mips and wild 
llovvors: rkinp-s m iht- Kiini|iran rmniminilv. 
.S-irtililtr ami Trrliiiiral Options \s<w|Sssini‘iii. 
Kitn>|H'an Parliaim-nl. pp. I-.AO, (im‘a;:n* Iml 
romim-in;' ilala show |mpiilalioii drrlinrs| 
(Iraitf. K.. AAalki-r. P PJtk't. Tin- ini|ki('l of iw-sl 
inaikijri-tiM-nl on U*«> and |M4liiulion. hill. Itrt- 
|{is>. A'sri. Imp. Ik'v. Ill's, litsi., (jMidon. P>*) 
|>|>. |a sounv iHHik lor lists n| mifnaml i>*s«'an-k 
as Holl its ii sialrimtil mi lh>* m-^ilivorfrcTis i4' 
riin‘l(*ss |M*s|iriilr U|*|4iratimi| 

(liam*. K.. AAalkrt. P. PRtl. Pollimitimi <lin*rliM> 
lor v»ofld rni|>«. hill. Itct* {{•‘s. Assn.. Iinidoii. 
Utl |i|i. liNilIinalioii itipiimim-iils i4 mrr M)0 
s|HVM*s. lalnilar n‘lrivm't*s| 
diiiimruswaniv. A.. Itavva. k. S, PUPJ. Oriiilrr 
alliK-alioti ami mating svsii-nis in pi^roii|M'a 
a/jait L). PI. Sv't. Kvol. l(ilt:.>^)4/). 
||Niiliiution M’i(*in-«* of a romnion Impiral 
I'lillivalml pl.ini| 


Dtifni. A. P)*^. Pi4liiialimir<'i4iif;v — a|imiiiral 
apjHikH‘li. (Kfonl: (Klimi I niv. Pirss. 2.A0 pp. 
|a p'liri'al Irratim'iit i4 |iollination in a niann«*r 
simikiriiidiupioslir fiifin toiiH'ilu-al liilmnolo^ 
— inrtIuHls ami trriiiinolo^v rinphasi/r«l| 
Dav. M. d. P)*)!. Towards thr ronst-naiion of 
ariilralr llxinrno|i|«'rd in Kum|vr; an mitlim'<4 
till' rasf for ri'^'o^nilion of thr hi>:h valut* of 
Hvin«iio|ilrra Ariik-ala a« iitiliralorsof hioto|ir 
iiilr^ritv jimI divrrsilv. with ndrvanl rxaiiipk's 
ami pni|awtls lor rimsc*ixaliott arliiNis. \altin* 
and c-mimninrni srrirs. No. I.t. dimiiril of 
Kiim|ir. Siraslioiir^ |s|in^n^ Ihi's ami was|ts 
ran and liiivr Imi'ii inlnisivrlv siirvrvnl and 
MKinv als<ian‘rs.s4'nlial toplanls foriadlinalNNi) 
Dhaliwal. H. S„ Adlakha. It. L P>77. hlsrrl 
piiliinatiori oi srrd raiilif1ow<*r: fora^in^ 
la'liavioiirof major |ailliiiatoiv Pim-. \\A I lull. 
Iki'kiiiNiijtdon^.; (/’jivr<i/i<tlh|ili’ni). 

(Waliiiu. l/Mof'fo.s.Mim tintf \fiis 

ivrunu arr [■dlinatorsl 

Dn-sslrr, It. I. Pfitl. I1ir iirrhids: mitunil hisiorv 
ami rkissjnralion. daniliridp'. Mass,: llarvani 
I niv. IVrss.;Vi2 |i(i.|roinpn'lH'nsivr In-atmrni 
nfon hidsand.iiailiriilarlv lor itrotm|»iralspp.. 
llirir |■lllitlalion| 

Kir^jri. ami van drr Pijl. P)7‘). Priiiripli*s of 
|H>liiibitioii rrolo^ l.'tnl «i|.). ( Kfonl: Pi'T^smioii 
Prrss. HI2 pp. |rompri‘hrnsivr and writ- 
ilhisiiatml ivirrrnri'vvork amlpiirral lrvilHa4| 
Kah ao. M. dr A., l.lrrjs. K.. km. K.. 
Mrdrinis darivira. L M. P)It|, \sp,-, ios 

^rolr^imis. rroli'i^iros r dr pnidnliv iiladr do 
iiiriki {RtiHiiui miovAor Ijart].) Ikiill.l. |this sp. 
of Ainioinirraa* is visili'd In rhrvsoinrlid 
iM'rllrs nrar Manaus. |tr;i/.il| 

Krrwrivla, K P. Wit. K InU.). PJfi*). Otillii»is» of 
prrrmiial <Top hr«'ri|in>t in ihr tro|ii!-s. II. 
Arrmmni /onrn N. A.: Wa^rnin^'rn. ihr 
Nrtk'rlamls. ol I |>|i. |dompn-lN*iisjvr nnirw ol' 
21 Impiral mips, with drlails of hre-iiliii^ 
pio»raiiis. ):rnrlirs. pollinalion and ;>riirrul 
hiokip ami mana^nrtil| 

Konl. H. A.. P. 1 I 01 L Ik tl.. Konir. N, p)7*k Minis 
as imlliiialors-of Ausiniliaii |4mils. Nrw /ralaitil 
J. Mol. I 7:.>IW-.>l*k (Ovrr IINIliinl spri-irs 
visit 2>'il)pluils.s(«iH‘.likr/'./Mir//v^iriu. an* visiinl 
Imlli In hinU ami lift's; hinls am Irss s|»-ririr 
ikm in llu* Nr«>tni|iirs| 

Krankir. .d. VA.. MaU'i. A..Oi4rr.P. A.. Mawa. 
k. S. P4ik dhararirrisiirsand oryani/aliiHi o| 
tlw lar)!r lirv |ii4liualioii svsinii in ihr dosla 
Mil an drv foivsi. hi: d. K. Join's. M. J. I Jitir 
lifls.l. liandlioidt <4 r\|irrinn'nlid |Hilliiialion 
!>i«4o^v. Nrw Aotk: van NosiramtvN Krinhold 
do. |ifi. II |s|t7. Idrlaihtl .H'ctiiinl of finwrr 
visilalion l«v lltr Iai)»s4 |«Mnl iMfsl 
Tnt'.J. M. P)7.>. Olisrrvalions on ihr |Hillinalioii 
ol |ia|i.iva |fa/rur//it(/jrivo l.l in Jaiiuira. Tnifi. 
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Xpii'^TniiMbd .t 2:27.>27*^. |>ki|>|»*r UilU*iflk"* 

vi»il ul <luf‘kl 

Kirt'.J. B. likH*r( |Hilljiijlii»ii<*r<'n«|K»(2iMl 

rd.f. I.otidnii: A(wi<lcmir l*rr.ss. TOB pp. 
Ipnii'lii'iii h> pliinl riiinih. <if ove-r 

UK)4-n)|iN and hai%(*M('d uil<i plants; cxtinisiw* 
littraUiiv n*ft*r»'iHvs| 

Fnvimiii. C. K.. B. I).. Jark«4iiu M. 

S. Klnral imh-Iuj' > npar «-tmij»iiNili<«is <4 

soiiili and siKilhrasI Asian speries. 
Bki(n>|»i<-a 2.'k.Vi{t-r)7l. |fi2 tuti\e siH^cit^ i2it 

faniilk’s) display nr Invt ^u('rtlP4' iit^'lui>: 
tlin laltnr iisiiully lH'i>>pn|]iiiutfd: hal« 
|M>llinale<| fltmpis im* ht-IxT in siicniM* dun 
\fH N^nril IkiI Ikmnr*] 

Kiijila. \l. S. Flviti^ fn\ (Oliimplnra: 

rit'nt]NHliilat*^ pnUiiiatinii. st*eil dispersal, 
and eromimii' iriip<»rlam'e. \ lalnilar 
siiiiimiirx of eiirrenl knoMled^e. Hesmiree 
i*iihli<-uliim No. 2. Texas; Austin. Hal 
liilc^nutliniiiil. [linnd. Him*. spir«‘. 
niedirinal. lindM>r priNlutis |Mdlinat«>d or 
<iispersed l»\ l»als are listed |t>r \sia| 

(fildiiiit-^ It. \^„ TulletsTiekL J. It. I'JtA Oitlm^v'ln^ 
trials Milh p^niiNliuils {Anuhit h\fHtf:iieu l.l. 
Ithodesiati J. A^trie. ito. 7:71-75. ||M-aiiul 

pcdtinainrs in Malaui and /iiidialiue are 
Mi’fcorhilf and tin* hali(*tid i.ipotrirhf’s\ 
tiirnenes. M. Some nn»rplnilr>;>ieal 

;HLi|itiitions in Ih-i-s (or ('olle«-liii^ |M>Ileii (nwn 
huliiiftiti •‘It'fifin.s lOiia^areai‘1. Ite\la. hras. 
Kill. 5.5; lid- 122. |liee liairs helpful in 
niani|mlalin)t visrin threads of /,m/iii^frr 
pollen masses; Tfira-fiiitssulii and 
PsfiuUifitiiiosirttuut an* I'oiumim ]Hilliiulor>| 
tkilk-x. MJ. M/?>. KbmiTliinlci^ in Ni*^^ 'A‘alai*\. 
New Z»*alan»IJ. Ikit. l7:Ml-kif». jwi<lespn*ad 
s*‘inn^ and xiuietv of \ isilocs i-lunuli'ri/e mans 
sfieeies; ■aimi* 7 hinls, I liiii. 10 lH*es and 10 

lHillerf1i«*s aiv amontt |■lllinalors| 

(H'iine/-|’ain|M. A.. Kaus, \. 0>')2. I'aniiii^ the 
wilderness until. Bioseienei* l2;271-270. 
jlnifHeal fon-sls an* not pris4i«N* eminmnM'nls; 
human residents luie Iihij: nuide an im(iiiel| 
Cniulet. II. IlliU-r. J.T.t«s|s). IWl. lfuiM*no|>lel'l 
the world: iui idenlin<-alion }nii«k* to families. 
Ottawa, l^iaila: (iaiuMla(ji«iumuiit’alioib. ( in up. 
(iHO pp. |fulK ilhislral(*d key. hioli^iral data. 
n*fen’ne«*s: lK*<t*s. 20 sul>fainili<*> uimI fainili(*s 
c4 su|M*ifaniih \|Hiridea. iiH'ludnl] 

(»nj. K.. «k*l Bio, (!. M.. Baker. I. I‘WI. A\ian 
|Hillinulion and lU'elar use in Cfunhrftutn 
frulu-mum 4l.oefl.t. Biotro-piea 22:2t4)*271. 
||ta.«s4-rine taml |M*ivlnn^l Birds rather llian 
hiiinniin}d>in{s an* tla* main |M>lliiutors aiinai^ 
51 liini spp; m*<*iar is ilihile uikI lM*\«Hi*-rieh| 
IliilMT, W. Kninkie. (i. W. I'tti*). \ ln>pieal 
luiwkmolii ecNnimmily: (aisLi ItH'aii tirx fon*s| 
S|>liii4dilae. Biolnifiiea21:]5>5-l72. lliawkimriiLs 


|*olliuale mam ni^il*f1owerin^ln*es, ineliMling 
|H)|u\a. anti als<» use flowers \isiieii In kits, 
iiinLsiuidU^lhey aieuiut«ualK wide-ranpn^ 
ant) not \<-r\ coilsIuuI to a floral s|m-H-s: their 
miT-alHiiKkinl n*s<Hm-esptTn idi*i<iod(ordumial 
|)olliiutors] 

lleanl. T. \. I'HCB. 'Hie ret|(iin‘menl for inseei 
|M»llinali«Hi hy maeiidamiu and the (Ntllinalor 
eflieieiH-y liTtifptna In-s. In: IVi-. I\ AuMmlas. 
(itinfr. on Tive ami Nut Cnips. |) )kill«*n le«ll 
\iisiralia: N.S.W.. Ijsmore. pp. 21‘)-2.55. 

I \ttiatifamia and Tri^im eonii* fntni sejtaralt* 
hahilals in Au.slra)ia: wln*n hnnifdil lti$!el)u‘r 
Trifitmo |Hillinale nowt*rs| 
ih'tlstntm. I, l^)BB. IN«lleii earrieis and fruit 
<k*\i*kifMiriM<if Ask/mm ^'rrri/riu l.lMyrtaivaei 
ill the Neotropical region. Be\. Biol. Trop. 
.'kie.Vjl-.555. 

H>s*nM*rt.(i. van. Biiijler. A. tk*. ttsh.i. Sixth 
I’ollinulion Sy iii|M»-ium. Till utg. \e(. I hirt. 2f9k 
.V>l pp. |a wid«’ stdei'liiMi of a|i|ilie«l |Hiiliniition 
n-seatrh. with some iww data fnirn llie lnif>ics| 
Hemicnsin. BXItx \ review «if|«i|liniiliiaisliHtww 
in tk* Palimii*. li*4. Hn. .52:221-25*), |ivviews 
the fly. Iieelle and liee-|io|]iiulion syuduNlies 
ol (Kilnis| 

Henuindi*/. \.. K. IW5. Aspects of plant 
t|iuie*sliealHai in Me\H*o; A personal view. In; 
T I'. ItanunuNirlhv. It. Bve. \. kit. J. Ka. i*d.s.. 
pp. 7iTi-7.Vi. Biological l)ivt*rsi|y ol \lexicti. 
New Aork: Oxjiiinl I niv. I*n*ss. jlisls plants in 
tmpical and lem|M'nilt* \1evi«-o| 

Indian Bee JtHtnul. B)BI. \\tirko(iliee|M4liiuilii«i 
in Intiiu. Indian Bee J. k5:l lO-l k5. |sliMlieson 
siiiinm\i*t. sesamt*. niuslanl. <sifnower. lemon. 
gra|M*. lilehi. hoise gram and rncunilNT 
Hielfifrm and I. terntm rrc*<pienl visitors) 
Intenialitual Bi*e Iti'seaivh \sxiciali<m. 
IVtireilir^ of the lonnh iiiliTn:ili<Hiii{eonfi*tenci* 
on a|Mcultnn* in tnifHeal ctinuiles (( uim. I'Xflt). 
i^mdon: 1BB \. .520 pp. |res4*an*li reports 
itielndmg|atllinalion and ks- nianap*ini‘iil. with 
\friea well iv|Hes4*iiief|] 

llino.T. \l. kiilo. M.. IIi41a. \l. I'ollinalion 

eiviltigy tifliielwowildkukuiiLs. \hv>tt fHinmytlti 
siiiisp. htitiilioitvn.si.'i ami 1/. Wrwmi.xi.«: ehitop- 
leni|>liily uiiil oniitlio]i)iily. Bi«ilm|Nca 2^t:l5I- 
1.5B. |.Sumalran liaiianus |Kil]iiiiiled liy piem- 
|Miid liats I MucntnUmMa) or liy neetunki hints. 
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tPa.M.ij]ora«'ej<‘i. Hc\la. Imt*. fail. XirllfM Hi 
|mt /? Wn/i.s v.;u^ :ui ^iggn-s‘«iw* nertar 

I'uioumer nliile \\focnpa suipt'rlu and 
/hmPi/i* MCT 1 * !■ JlifuiiiHfsj 
S'iiTHrt. 1-7 Hq>fi»luilivelNij}offt 

ol ihejKtIni lmKnrrM«iru7//rr/^o int^ilnii Bra/d. 
Hiulropiia 2^l:12*22. MHUv*M»f oil i> 


M'lf'^HiJIimilctl. onti niwd In 

iMvtio lfv-VA^nltiilk}uUill.f.'i('io(i7i/Ni/o(M'anili) 
Im/ronf/io/x'o.v Inretill and is thus a good 
i-oliaiizi'rl 

S-hiit/. ij. 1 I. Nm»c as|)»iis of (KiliiiUitimi 
liiolofn ill (kiiiral Vnufii an foitMis. In: K. S. 
lima. \1. Hiidle\ {«!%.!. Br‘|»n)du(live mxijiig) 
oltn»{ii»'al km>l plants. Kiamv; B;irih. t Nh^f.O. 
|i|k. (didiA. (rmpluLsi/es U>rili> |K>llinalimi in 
\Mniwia»-«'U»-. \rw»-:w. I’almai'. (ai-bnlhiuvae. 
\y rnpharace.H' and Mag-noliaci'iu* ami ilontl 
fnigraniTs in the m-otmfMes; iIisii-u^mm ollMf 
)H>lliiial(>rs alMij 

Sviwn'.S. I{.. lima. K.S. B^Vi. la!c-a«’tii^4M*lf- 
iiiconipalihilil) in angiostpenn^. B»t. lu'x. 
.i2:H>.V2H>, 

Sidhii. S.. Siiigli. S. l‘Kil.Mi«lii*sonagrfilsol 
ensis |v4l>nali>>n in t-ollmi. IimIuiii (kill. (inm. 
I»«*s. 15:31 1-353. |lhrm* -IpM compared) 

Siluig. B. C7 (diHraiicrir.alion of ihc 

pollinaloiN of cuiiixaiiMl cnicircmiis am) 

IcpumiiHXis crofts- of <,iilHnipicul Mismii'. IemIul 
IW\\ ld,f^»:l5:i-l5!i 

Sinifison. K. H.. llomicr 0g<ir/aly. M )*>'U). 
fj'onomK' iKkain |ilairt« in mir noHd. \cn 
Aork: M« tinm-liill.lilOpp. (ihimNigii luid urll 
illii.slralixl: pollination given sonic cmphoj>is) 

Siriknl. W. Bl*l2. (amsIraintH to smil onlugem 
and >*•«*() ptmliiction in lltailand: an ovm leH. 
Miiak-I.ek, Sarahitri UtlilO, Thaiiaml: 
.ASK \N-(ianada l-oresl Tree Sn*d Kenire 
I'nijei’l. Tei'h. I'uhl. .\o. I I. I I |)f>. {Ihmering 
times difier helvveeii eloiU's. variaitU and 
individuals ol '/irtofKi. 
l*iiius and />//Vcfnro/y«u| 

Nnijli. \ J.I \\ J.'l', Hih-kiKHii. I ».I .. 'Hdliol. 

J-l! HJ‘/2. Tntpicalfmvstsanillln'ircmff. lilunu 
New Vivk; Oimt'll I im. l’n'Mv5(i{S|);K|c\lciii<ive 
iiil(irmalioii|tniiunlv iirfdiuil Un-c<k-rH;im-liiiifs 
Mniie verv oliM'iuvcnifk'. inlef>-s4ing histories ol 
iiiqiortiitiuM oihI ilouR'sik'tiliou. stane iiitoiTnalimi 
mi fxitiiiialkMi. not preMiHitetl crilicallyl 

Sitia. S. lie J l‘>77. Diiumiiea po|tulji*ioiml ik* 
7'<tnifH»n)m il>i|)teni. (;erata*|[M^inidae| 
ita Ualiia. Brasil. 2 — varidveis UiitlicuK 
relacioiuida'- emn a |K»lini/jn,-ilo ilo em-uiie|nt. 
Uevta. TiNxdtromj ’.Vi-Xl 

Start, A. \., MamltaJI. \. (7 l‘^7l>. \eclari\onais 
IhiisasiNillimUorsofliries in Wot Mabvsia. in: 
.1. Biulct. 1'. T. Styles pxls.i. Tropical Irii's: 
variatioii. Imiilii^t. ami con-i'ixatkai. loiid<H>: 

\<-ailen«r IVims. jh>. I 11-1.7(1. 

Stiles, f. I,. l‘^M. (o-ograpliical aspects of 
hird-floMcr coevniulion. uilh parliciilar 
referviH’e to (4'rilral \im*rica, Ann. Missouri 
Hot, (ktid, t)H7l2^l-'l51.|i>(‘tdc^ ofruaiorgroitfis 
lliroiigh the world: birds an* olteii territorial 
ami nianv s)Ki'icss|iare Ilorul resoun’es. olteii 
umliTstorv plajib. even with nuiiniiiaLs nlmii 


nectar is plentiful) 

Simir. (7 N.. \\ tllmei; I’ U. I'K!*). KiJliaitimi «*f 
cardamoiii in Kapua New (oiiriea. J. \pic. 
Hes. 2Jfc22H-2:t7. 

Stnitton. I). A. iivlivukial ilowi‘m 

ill a tiosla Kiean irioml forest: ecological 
eorrelales and plivlogeitelic eoiistrainls. 
BHMmfoca 2I:30B*3)B. [flower liHigevilv ol 1 lU 
s|if>. al 151tn m avenigi*s2.7 iluys. greatiTthiin 
lowbml tl ilav i. ao»l lower tluiii inoutam' 

s|H'«*ii’s (l-H liavsi) 

reiKiiino. \. J. HSU. 'flu- (xtlliiiation I’flu-k’iii'v o( 
tin* Miiia-h Ihx’ iPf'fnuuifk.s finitfuaa) ami llw* 
iMHievliee ( \fpis nivUy'rrn) mi summer Hpiudi 
K<uKfcsKjtfotiiol.Sie. .>|vkV>- 
377. [little ililTenmiv was fmiiMl laiwmm the 

Iwolim's] 

iimiliiwa]. B. B. 'rite Uitam ni cnanj^wi's. 

1 k: t Tnnliriifgi- 1 nh. lAcss. Il3|if>. 
Immcise. ik'laih'd. tnenilmis (KtllinalNMi when* 
doLi exi-t| 

van fhimei). B. 1077. f'olliaalion of fitnl trees 
in the WesiiTii (iapi*. In; Afriean bees; 
liixonoinv. hiologv ;uhI mimanie use. Ik J. (!. 
I- leieher (ed.T Brelorla. South Africa: 
\{oni< imlia. p|L U,. 

\avilin. \. 1. BkAl.'llie origin, variirtion. iintminilv 
and Itrcediiig of cultivated plant'. \\ katgiunn, 
Mas-: (Ihronica Bolanica 13. i3f>1 ftf>. [little 

discussion of |H>l)inalioii <m loeisling h> steins, 
hilt still a sUuMkml irfen'rict*} 
von Heiiis. S.. I jpp. K J.. Jr. B^>2. New plant 
souu'es iiH ilmgs am! IimhI fnmi the New Aork 
botanical garden herbariimi. (ianihridge: 
HarvanI Lniv. IVess, 3<>3 (ifi. Iconinimi mid 
seienlifie names, families, uses, and 
collectiiHi data for lliri‘4- iiiillioii IterlKuium 
sfHH'imens ill NYlhi] 

AoviiU's. \. r BCiL Insivt sv mlaonls of Mane 
Mexican cyrads in their luiliiral habitat. 
Bkgrupica 23; 102- BM. [/urnia and Ihtkin an* 
jsillinati'il bv sfieciiiJi'l U-eiles; fihttfiolidriei 
(weeviliuiid /Viuro.Ui/iorAo (luiigiiriid)) 
\Aiens. D.. tjihin. II. 1... Wilson. (7 \.. Davenu 
(I. I-. Frank. 0.. Si-avev. S. li. 19157, 

He|HtM}iielive s|MMitan»snis embryo 

alxirttOM. and gi'iiHic loud in ihmering plains. 
OnHiihigia “Ir.itM-Atkk jreslrieliorts in seeil 
fwiMluctiuo air u lmMhunciil.il eiMisi'qimuT of 
genetic [<kad| 

Willuuns. 1. 1 1. 1977. Ik hivimu ofiiiMx-tslinTjging 

on pigeon |M>a U.Vijii/oi.r ro^in d-> Millsofi .1 in 

India. I'lop. Agric. rrinhlnl 5l:353-3(>3, 

titUMla is most tHMiimoii Uit .Ueg’o/dii/e is the 
main cnts'-fiollinalorl 

Winder. J. A.. Silva. I* 1972. < ji< iio|Hdliiiatiori: 
Mii'n^lipteia of i*ucai> plaiiluluHLs and some 
of their brecfJing places. Btdl. Knt. Bes. 
OhlxAMhM. 
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POfJJ\ trfO\. f^lIXfVlf ORS dL 
fM#fxfviTfov }toin:s: KcotJtHiu \r 
A fX OVOIffC nWOHTWCE 

/•2./ Pofliiuilioti ill fvi»it4>i*(il 

\ngi(»>|N‘nn> art* t \>il}i i)u* most ^i(l of 

luilmv — lhrs«* lia\t" flowers. Ilu* laHer. llunigli M-ietilifir alK 
of inereK rt*()r(Hlu(ii\e relevanre. lia\e mih li ‘iieatei 
signilicaiu i' in the tH’osyslein aii<l lor luinian mk*u*I\. \> 
liirhanls rrmai'ks ( 1‘^iT. p. 

\n oiit>laii(liii^ feature ol llie \n^ios|»erni» is llie 
amazing <li\eisit\ in (onus and colour that iuw U'en 
atlo|>t<*(l |>\ ihe inllons^erK’e.sunicient to in-^pinegival 
ai1. fuel a major indu>lr\ and sene as a solaee ioi 
suffeniig mankind. 

^el the flower is mend) a s<*\ oigaii. and ne\er has 
any luiuiioii exc ept to promote repnidiielion Ip 
schmI. iisualh s4‘\ualK. Th<* iM'auliful. weinl. sini^ltT. 
astounding iomis that ilovveis lune aeiitiired an* sliiell) 
pragmatic, and ha\4> (mc’miragt'd tin* (‘cological 
di\('isincalMMi.and domitu)tK*e.orihe flow(*nng plants... 

The rnessiige 4‘learly signilu's the e4‘ologi< al im}MMlan4-e 
of flowers and if tlie autheiilH' [Kileonlological and piexMil 
elhological r«*conl>can pnwe (in 
fact th(*se do) that the twtdiilion 
and |N'i*]M‘tuation of this floral 
di\i‘rsit\ is flue |<» the |N>llinalois. 
this surely demoiislrules the 
importanc4‘ of ptdiinalors. 

1 Jki'wist*. ii it is also pitwed that 
|M>llinalors ludp inci'easing the 
seed yield <»( many (*n»ps. this 
should signify their t'conomic 
im|M»rtanc»’. 


In aiigiosperms. pollination 
is an imp«>i1anl e\ent that is a 
prere(|uisite of sexual 
reproduction. This is Ke^ aiise 
pollen is l<» <Io the saim* thing 
in plants that sperm <lo«*s in 
animals. Success of pollen 
transfer is very important. 
llowe\er. pcdlen is a non- 
molile spor<‘. It must lx* 
transfemMi from anthers fthe 
seat of their |)r(»duction) to the 
stigma (t)w‘ seal of tlu'ir 
germination) li\ some vector. 


tt hilr tmU nkwinfi hfljts imn>fise livhml rifior, n\suhin^ in 
more healthy and stnni^f*r jtl^inh (although not alway s). 
The kiial t»f pollination also detennine>. chaiu es of gene 
reeomliination ami 4‘xchange hi'twe^'ii individuals. In 
changiug4‘tiviiouments. gc^rn* inH-omhiiuitmn (ainl ihendriiv 
4'n>s>~|)oilinali4in) sIichiM pmv i4li»an4>|>)K>ilunitv In pnMlu4*e 
'«)niin> U'lter suitcMl to new 4*onditions. and shouM veiily 
Im- an ecfdogical m*cessity. In the c hanging j>esl sc enario 
and with rapidly cwolv ingn^sistaJM e to|M*<licides.es(K*4 ially 
in the' treepie**. gem* rcN-omhinalion and hc'Ic'nczygcMty — 
dirough ci44s>-pollination — arc* reliahh* mc*ans for 
increasing c-n»p yield. I.ilc'ially. it pnwides mhim* en»ps 
with the chance of keeping up with, or escaping, their 
enemic*N, 

In this M‘4'tion pollination modes and |H»lliiiators are 
I4*vi4*w4‘d. along with lh(*ir ecohcgical and 4‘c‘onomic 
importance*. I have (cstensihly avtiided the use of 
complex lermiindogy of pollination ecology, some 
of which is inti'4Hluec‘d in othc*r scM'tions of the pr4*senl 
hook (s4*4‘ also (dossary ). Instc^ad. simph* terininologv 
has hc'c'i) usc‘d whc'Uevc't' po»ihle for i*onv c‘nic*nce. 
and for acc'cssihility of the layman, ecologist and 
s»'4*d grower. The discussion has heeii coidint*d to 
ch*serihing importance of pollinators and pollination 
modes in creeps growii to produce* sec*ds and fruit. 



Diffe'ivnt plant >()c*c i4*se*X4*iris«*difT4*ivnt |eollinalion iikmIc's. 
and (he iM^neflts accrued should de|H*nd u)m)|i the kind ol 
|eo!len transfcTrc'd. W heiv self-fHillc*ii nonnaily tetids to 
iiiciva.-*4* the* hiHiio/ygosity. |iollen InHiiothec llowers. plants 
orgenot\()esslnmld inc reiise he*lemzyg4b.ily. .'vll-|Mellina(i<en 
generally siicrifices the plant (|ualily lsim*ly in *outcn»*«sers‘) 


I ) 'FIm* Ffoir<*t*. 

Before ac tually knowing ahout the hc'iiefits cef 
pcellinalion. it is nec'essary to know ahout the 
flower and how it is related lc> [lollination and U» 
pollination mocles. These suhjec ts are taken up 
more extensivelv in Sections 2. 2-2. 4. 


f*nllinaliuu of ('.ulfinth'd t*ltua‘<iu )Ur Tf*tfHrs ft i3l 


• FiotV>or: A lyfiical tu rniaplirtMlilt^Oiist'-xiiul) (]o\v«m 
ha> font j)ails: 

• C'aiyx: riu»fal\x (cotisiNlinji of se[>als) is 

noniuilK ^reen an<l pittvidt^s |m>U^‘tion to ollior floral 
(kills in the IhhI stage. 

• Coroffo.' I he corolla (eoiisisting of flower (►elals) 
is ifit* colored (kill of llit* Ho\v<*i (hat ()Koid»*s (irinmn 
attraction sliimilii> to fNillinatois. Hiis is llie ad\cili>ing 
ageiic\ of the flovo-r. 

• .Inrfro^HlIltl: riiis i>the male (kill of the llowcr. 
uliich hcai> stnii lures that hold (mllcii — tin- antheis 
— the s«'at of male s|Min'S. 

• fir]|tMM*Hllin: I’liis is the female (ku1 t.f the flower 
and eanies the remale gamete — the ovule — in theovarv. 
Pollen is KM cived at tin* distal ti|). called >tigina. wh(*re 
tile fonner genniiuili's for feilili/ation. 

2) Poiiination Hod^s and FoUinaioi*%. 

Pollination i." the (>roc(^s involving transferor (Milieu fiom 


is geiK*lietilly i*(fnal to <elfnig. however, a fon-ign jxillen 
vjvtor Ls ii'qiiintl.aiMl h) when <*io?«sing is lietwivn flowers 
of two ilifferent jilanls (see Figure) — this is the hue 
outemssing. Outcrossing is ini(MHlaiit in (ihnits where: <|^ 
either flowers or (ilanls are tini.sexnal: anthers and 

stigma (stamens and slyies)o{ siune flowi, ! arc at iliilcnml 
heigfils (i.e. stamens and style an* of diflcnait lengths )iV) 
st*xt*s mature at diilcrciit linu‘s (pivseiiccof (irotamlix or 
(imlogy ny); d) then* is no conlai’t of dehisivil anthers 
willi the stigma of same flower during their Innetional 
(iluisiio) aUneall, (ilaiilsan's^ lf-incomtKitililc i.e. (jvollen 
from a (daiil cannot he utilized by its own flowers. 

( )nt('n»s>ing is laought out l>y two kinds of ag«*nts. abiotic 
and biotic. Fiisl c onsider the abiotic jn)llinaiinfS agents 
— these an* iiuuiimale phvsieal fon*es. Thus, aliiotie 
(loliination is generally ‘ramlom\ or at least is not 
dinx lixl s|MH itieally iM’lween flowers. DiffeK iit kinds of 
afiiolic |Milhnatiori have U^en reeognizi'il: 


anthi‘is to the stigma. The agent < ansing this Iranslei is 
< alhxl the (Millinator. Normally. angios(M*nns exhibit two 
kinds of (Millinalion modes: 

Selfiiig Cross (Mjljinaling 

S (oiiU-riKsliigt > 


I C - 



« or s€dRny. 

\\ hen (Milliimtioii taki*s (ilaee within a llower. lliis is ealh‘il 
s<*ir-|Milliimlion (see Figuu’t. S*H-fM>l!inalion will lake f>hu-e 
if: a) Flowers are l>isexual and fiave stigmas and 
anthers at the same heiglils (stami'iis and style an* of the 
-siiine length): h) Ixilh the sexes mature simnllaneoiisly 
{pntlamlry o\ imtUigyny iirv absent): c) eontael of newly 
dehisc’cd antliei's (releasing fresh (lollen) with the ivee(»tive 
stigma is iminineiit. Proximity of anlhei-s to stigma inuler 
the alNive (ondilions should n'snit into s<*ll-]Mt[liiialion. 
If selfnig results \ti Jcriilhalitm. this slimdd indicate at 
least some iK-euiTein‘e of strict inlireeding. 


• <inu ityqKillimitM>n(/ff'i>/i/n/v) is found in sc*li-|K>lliiial«Hl 
(ilants. [lere some |>ollen is e\(M‘cl»*d to fall down «ni the 
n*(‘e(itive slitaiuisofothcr Howi'in due 
_ S«*lliiig toyoinity and tmiy |>ollinaU*thetloweis. 

' ^ However, gi’ophily ishiydily iinn*liaf»le 

r x and is a rare and insignificant 
^ (N)llinatiiig agent.: 

• \\aler-[>ollinalion ihvtirophily) is 
found only in some waU*r (ilaiits when* 
inflon*M'ene(s fliwil or are sul>mergt*fk 
However, many freshwater (ilants 
(mKltiee a«*nal in(lorescene<*s. 

• W ind-|)ollinalion {ancmophUy) is 
lonnd in many [>lanl families including 
crop jdants — e.H(M‘cially grasses, 
'' ( ihami hTist i(s iT ) ilanls using tlx* wind- 

(Milliiiation mode iiK'lnde: a^a ivdiieed 
leaf surface an*a; b) e\jM»s<*d floweisiCI nxliK‘c*il (H'riaiilhs: 
longstiUiH’UsarMl s<MiM*tiiiH'se\(4osiveanllMTdeliis<*eiK*e: 
suHMith. dry pollen gniins tluii nun lx*ar air sac’s: lack 

of m*c’taries ami neeiar in floweis, and a) floweis liaving 
no eolotir or scent. 

Kc'lative disadvanlagt*s of (lie wind-|M>lliimlion mode* are 
that a) tlieiv is little aeeiiraey: (Millen conec*ntration 

dtH-lines with the distance fmm the emitting somre: «•> 
|Milleti is inU‘ic«*]it«'d hy all sinfa« c*s in the lineof(lis(x*iSiil; 

(Millen availaiiilily may diminish with ln-ighl for floweis 
ol wind-|M)llinal<*d tn*es. 


• Cro«if«polliitafi«*ti or oiilc*ro5r5(iH9. 

W lien (Milhm fniiii om- flower is earned to llm stigma ol 
anoliier. this is ealh*d etoss-[M)lliiialion. 1 lei'e an exieiiiul 
agent is ivc(niivd (or aceornplishing tlie (Millen transfer. 

Outcrossing is of two kinds: a) when cros.siiig is 
lielween nowcisofNirne (ilaiil (see Figun*) — this crossing 


In eoiilrast to the above, we now consider biotic 
pollinating agents. Here the (lollinalion is carric’d out 
by animals (zoophily). Biotie (mllinalion is highly 
ac c urate, but it has a higln*r c cisl. imiiiely nectar in 
addition to poUennnist be offered to jMilliiialors by 
the (ilanl. and the flowers are often large and showy. 
Pollen vec*lors like bees show high /7oro/ constanes. 
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Cluirci('U‘risti(‘S(»r plants iisiii^ llu* hiolir-|M)lliTialioii nio(i<‘ 
inrludf^: Cl) n*iali\ely small amoiitilsnl |k)!Ihi iuv imKiuced: 
h) llu'i'i* is sotm* kin<l nf rt'la(i«)Ms)np tiu* |>oll(ii 

v<*(i(>ran(l )H»llinalioti iinil (sty'S'rhons 2.2-2. !):<•) IH.lIrn 
vam> gnvitly in si/r and (‘\t«‘iiial snilptim* l»iit is usually 
sticks : cf) n<mci*s lia\c attract i\c colours. ««loi> and also 
produce iKM'tar. Hioti<‘ pollination naliiraltv falls into 
s«'vcral disliiK'liNc 4*lass<*s: 

• |M»llinalion oM)\ insects (cn/omo/>/n7>). c.^. h\ l«*eiles 
{canlliaroifliily). Hies {myoi)hily). hees {mcliNofihily). 
hultcHlies ij)s\rlu>j>hily), moths \j>fmfafnoi>hHy) 

• pollination l>\ imintidirates like snails and slugs 
{nuil(u<tphily) 

• )M»llinalion hy \4*i1cl)rat4*s. siu'li as Imds {tHnUhophih ), 
aiul hats {rhin>i>lintphil\ >. 

In tile e\oluti4>n ol angiosiH^nii". eiitomopliiU has pla>e4l 
a givat roh*. tia* oiIkm' |M>llination m4Kl4*s are 4-4)nsi4l4‘ix*4l 
t4) Ik‘ s4‘4’on{lai'\ 4l4*ri\ati\es4)l 4*nlomophil\. Among llii'se 
inoflcs. the 4*ll4*ctiveness of l>ee-]>ollinali4Ui is Iiigli4*st 
du4‘ primanly to two n‘as4)Us. riivl. Uvs \isil tiu* Ihmei's 
Iogathi*rf4KKl ivsxanis. thus leliahiv s4*4-k tli4* n(meis4lunng 
all tinu*s. S*c4M»4l. Il4n\4‘r 4'4 HisUuu \ ol Ufs (llu'ii {ieisist4‘iu-4* 
in looking Un‘ lh4> ll4»W4M's 4>l oru> spt‘ci4\s) is sers high. 

In nature, all kintls of pollinalion mo4les are piesent. 
|j4m4*\4T. llK*se arexalteied in.sjKKeand lime, |•ore\umpl4•. 
omithophily « an l>est l>e witiussiecl in NtMilropu al atal 
Australian l4irests. 1 lummingl)ii'4ls an<I Iarg4* mu’tar- 
piiNlucingfloweis an* the U'stt'xanipk*. DitlenMii |K)lliiuiting 
animals an* in Ia4*t ass4H'iaU'4l with ili(l4*r(*nt si/4*s ami 
shajM's 4)1 flow4‘is (s4*4* .'N‘4'li4)n 2.2) and an* iisualK tlu* 
4*IT4*4'ti\4* )K)llinators 4)1 tli4*s4* ll4)W4*rs. whal«*\4*r lh4*s|»*ci4*s 
hap|)4'n to U*. and wh4*n*\4‘r lluw 4'4)in4* fn)m oiiginalK {s4*e 
A|i|N*ii4li\ I). I h4's4* ri'latiipnships san from tin* m4)si 
sp4*4*ializ4*4l t4) tli4* l4*asl s)M*4'iali/4Ml l\p«*s. as illustrated 
in nirn h 4>f the pollinali4)n literature tsee l.l..*)) and 
elsewhen* in this lM)4)k. 


fiit|M»t*Cciiic*c» of 
PollimtUH's cV PolliiiciCioii 

P4)liinati4)u nuHh's and pollinat4>i*s stiDugK inl1ii4*n4-4‘ 
4*4‘4)logi4'al r4*iali4)nshif)s. g4*n4‘li4* xariatuui in tin* plant 
4*ommunit>. Il4)ral di\4*tsily.s|M>4'iation. plant 4*volulionand 
e4*4)s\slern <*4)nser\alion (see es(K*ciall\ SiM tion 1.2.1) 
P4)llination m4Kl4*s(4*.g. ahioth- 4>r I)i4)li4*) has 4* a \4*ix hn)4ul 
rang4* of 4*ff4*cls, s4)m<* of whi4*h ai‘4* 4liscuss4*d l»4*h)w. 

• Tli<» of s€^lfinff, 

liecaiise selfingpn)\ ide^s ii4)4*han4'eof geiK* n*< *4)1111)1 nation. 
su4*4*essful ini )n*«t ling 4)\er the g(MH*rali<Nis leails togeiiHical 
imp4)\4*rishm4*nl li.e. loss 4)f variahilils ) and limited 
|)4)ssil)ilit\ fiir ailaptalion in new situations. Inl)r4*4*4ling 
may also litH ome a stalling |M)int lor the formation of a 


.successful inhreeding species. The chances of the 
f4)mier leniain laiyier than the latter. ( iMigati* selling is a 
rare 4W4*nl ami is found in a small minority of plants. 
H4)W4‘\er. indi\i4liial sp4*4-i4*s max shoxv high h*\4‘ls4)l 
S4*lfing. wlii4'h may 4*\<*4*4*tl 99^ of all fertilizali4)ns. 
KAam|)l4*s are uheat. Ixirle). onfs and hrans. .S'lfing is 
nonnallx l4niud in opiMMlunisth annual plants. 

Ue|M*aU*d selfing lenders the nuijiiritx of s|) 4 * 4 *ms lelalively 
less xigor 4 )Us. when measured as height, weight or 
reproduclixe and surxixal capahilities. Inhreeding 
ih'pn^ssi))!! oci-urs in organisms that n 4 )rmallx are 
Niuti iossi'is’ anil much l 4 *ss in thiisi* that haxe exolxi-il to 
Ik* *s 4 *lf 4 *i’s*. S'lflng is a s 4 * 4 *on 4 lan 4 l 4 *n\ali\e 4 )roul 4 n)ssing. 
Km }ronni 4 *ntal i hanges that imuh* a failuri* of self- 
in 4 'oni|>atil)ilitx among oiil 4 *rossers leil to tlie fwiilulion of 
selfing in plants. 

• T'/ic* i*c*fc* of irliid-polliiMilioii 
( cf iic*iiio|Wiif 1/ ) 

I Jk4*s4’l(lng.un4*mophii\ isalsiHiMisiili'nil a later d4*n\ati\4* 
ofa wid4*spiva4l. piX'H*\isting4*oiKlition — hiolu* |H)llinalion 
in this cas4‘. lh*l4'nlion of floral 4*olour anil s4*4*nt. a wi*tl 
lorm4*d 4-4)i'olla. I'fVi'i liu* wiiul- ami iiisei'l-jMillination at 
till* siime lime, and similar features in a wiiid-|K)llinate4l 
plant indi4*att*s its if*cent dinelopnii'nl and a 4*onmH ting 
link lM*lween hiotic [M)]lination and anemopliilx. Suditen 
enx insnmental i hange ivsulting in faihue of pollination is 
(’onsiiierf'd to hi* the fumlami'iital caiisi* of aii4*mof)hilx. 
llow4*X4*r. unlike si'Hiiig. 4Ui(*nH)()hilx piox id4*s sonii* 4-luin(*4*s 
ol g4*nelic re<-omhinalion thiough outi*mssing. \m*mophilx 
might Ih’ coiisiili’ied a highlx xxasteful |M)llinalioii iiiikIc 
U' caus** till* jK)ll4*n falls xxheie it max. A iveent anaixsis 
show this is not tin* i-asi*. anil it is pn>ciselx its gn*aler 
4'4-onomx that promoli*s the exolulion of anemophilx 
wh4*ri‘X4*r possihh*. N4)n4‘lhe!ess. large amounts of 
energx amf mat4*rial are iiseil in piiMliii tion of rnassixe 
amounts of pollen and feathen styles on floweis. In 
comp4*nsation tin* p4*riantlis ari* highly ii*du4-4*4l and 
ni4limi*ntai'x. Ilii'mloiv. floral f4'alun*sari‘ gtx atly n*stn4'ti*il. 
As a i‘ons4*4jU4*n4-4‘. anemophilesexhihil low floml ilixeisitx. 

Kllei tixi* ani'inophilx nM|uin*s ilix wi-ather. amt I'ither 
low plant s))4‘4‘i4‘s richness or a large numher ol 
imiixiiluals in a ix'lalixely small art*a. I'he frmiuencx 4)f 
anemophilx im reasi's with both latiluile ami elexation. 
Wind pollinalion is generallx unc4)inmon in lowtami 
tropii ul enx ironments. es|>ecially in rain forests, and 
isilominant in temperate di’i iduous and iNiri-ai forests. 
Tlie*se latter forests show low plant ami floral ilixersity. 

• Tin* rofc> of ciiiiiiial pofniicfCor.v 
(toophilfi) 

Most of the extreme floral ailaptatioiis an* dir4*4*t4*4l 
towards animal visitors. Animals aei uratelx 
transport a high proportion of tin* relalivelx litth* 
pollen produi ed. taking it over large ilistances to 
a liny stigmati4* target, riierefori*. /oophilx prox iili's 
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tiu* !m'>( <’han<'(‘s o( rf‘r(iinl>ituilii>ii. I^llllnati(>n 
hy animals liaiul in haml with noral (li^f*^sii^ 
and its prr|M'Uuilinn. In s|H'rins-ri<'h cuininunitir^. 
with a low It'Vrl o| t‘(*olo^i<*a) ilominanre hy 
individual t>)anl or aiiiinul spiadt's. hioli<‘ |>()lhm 
disfUMsal |>r<*(hnnimil»*s. Tluil is whv. for l•x^^mf)l<*. 
that alpim* ‘crassland. Mt"ditrrram*nn nuMpiis and 
lrt»|nral furosls arc lull o( preltv llowors. ainl show 
hi^h rioial divorsilv. 

In nioro jnodiu-tivr and nmrt* ^tal)l^* rominunilifs. 
till' |»ro|Hntion ol sporialist llowc'is is .slijihlly liigInM. 
indiralinji: availability of nim<* r(‘prodi]r(i\e niclu's. 
Siuh roimnunitios will linid to havr more spr< i<*s 
in oarh ptdlination syndroriu*. I'Ih* dive^rsity <d 
ropiodiu’livr nirlios availahlf in a liabilal is 
iiorossarily a maj»)r ( otiipononl in ll«n istir richness. 

Onooi ihomoM important rolt's t»f poliiruUing aniniaU 
is in SjiH*(i(ilion (new spocies fiHination). Sfllinj» and 
wind pollination aro considiaod lo liavt* im loU-s in 
this |>nH‘(‘ss and tin* '*onrrali>l animal pollinatot^ Ijavo 
minor rolo>. In llir liannonii* relationships o( [tollination 
syndr«>nH‘s and llir pcdliiuUiJrs. tin* sptM ializi d 
assfM iations. even if onlv leinporarv, are vital. 

Mninal adaptation of ftowers and pollinators and 
their interdepmidem-e are eonsiderml lo he results 
ol llieir lon^ and intimate eoevolnliniiaiv relalioiishif). 
Manv flower lorms ev(»lvt*d ilne to the stdeetive 
pressure of pollitialors. \arioiis paleonlologbnti 
reeords now elearlv n*veal that llmse rrdalionsliips 
have evolved through geological linie. fhe non- 
speeialized nower-visiting animals were followed hy 
tin* liighly-s[M*eiali/.e<l visitors, nitimalely ctilniinaling 
in the present day sfieeialized hlossoin and |>ollinaloi 
rdasses (Section 2.2l. 

• Polliiialoriv and ovosysic^m 
eoiiff^rralioii. 

\s d4‘serilM'il above, there are several speeialized 
t>ol!iiiaior ami hlossoin elasses. 1 lies<*. and the 
exist<‘iiee 4»l sev«*ral pidlinalion svndr<mies reveal 
the interdependence ol [ndlinalofs and plants. In 
siK'li systems, pollinators help pn petuati<»n ol plants 
tlirongh making their .sevual reprodm tion a suec<*ss. 
riiis is hecause snecessful reprodiietion is the major 
cuiic'iu y in the lile ol an organism, and lailure ol 
reproduetimi is the impairment oi individnal litin*ss. 
riierefore. ctniserv at imi of pollinators should iiH*an 
conservation of plant spei'ies. and viee-versa. W hen 
plants and pollinalors are emiserved. this must 
iipholil speeies diversity in the eeo.syslein. I'he 
speeie.s-rich 4‘er»s\siem with liigh speeies diversity 
is considered to he llie most stable. This is the nonnal 
stall* of tin* Ir4i[)ies. (amservation ol {lollinators and 
llieir host plants sltoiihl iherelore mean tlie 
eonservalion iil eeosvsl<*ms. 


fJcoiioiMic finporlaiiro oi 
PoUhtatorif 

'file economic imfiortaiicf ol pollinators has now heeii 
Inlly recognized and realized in agriculture. Tln*n* 
is a vast list of< rop plants dial cither rely eomf>letely 
oil poiliiuiiors t»r henelil Irom liieir [Hiilinating visits, 
liy im reasing their st^erl and fruit yield through cniss- 
piillination and tin* feeiindilv and survival iienefils 
that tfu *se In'iii. .pollnuilors are aUo ix*<*<‘iviiig Ivenelils. 
file r(*lationsliip is s(*ll-sustaining. Since man has a 
direi t depemlenee on agricultnn* bu' footl. filire 
and other aili(*les. and an increasing human 
popiilalion lias e\ert«*d a great pre**sure for these 
eonmuMliti<*s. the inijiorlmK e of pollinalors in miKlern 
limes has in<*reased severabfnld. Honeybees and 
some solilai^ h«*e>. can now he manageil sueeessiiilly 
and niilized for the |mllinalitni of erojis. I'heir 
necessity has (>een h ll whenever it is esiahlislied 
that they increase yield, especially in crojis that 
are self-ineompa tilde or ^itherw ise in need ol v isilors 
to their Oowers. 

riie iieeompaiiyiiig Table j»res<*iits a list of crops 
grown in the tropics — fruits, vegctaldes. oil seeds, 
lorage. (Ihers. and sfdces. Thr henejils avvrued to 
ihrst' crop plants, and hence the imfHOlance of 
pollinalors in afitienlture. is indicated in this table 
as the {K’reenta^e increase in yield. 

Vonvlusiotu 

Pollinalion involves Iransleroi piiilen Irom antln*rs to 
tlie sligma. Sel(-[»olliiuuioii is of little ecological and 
economic signilit atii e to many |»lanl sp(*eies. \\ hen 
follnvvi*<l l>\ self-leililization it can cause iidmu'ding 
depression. I'liis is a result ol lunnozygosily. vvhii-li 
pro\ i<Ies no chance h>i gene n-r rimhinalion. I herefore. 
variahilily in the plant speeies is imjmveiished. The 
homozygiiiis individtiais have stnnti'd growth and 
low yiehi in many ol the wild and eultivaled [dani 
species, (Toss-pollinalion. on the olluT hand, leads 
lo hi'tero/ygoslly and provide.s 4*hane4*s ol gene 
iV(‘omhiriation. This may iiici<*ase variahilily in u plant 
population and provides clianci's for tlie evolution ol 
new v.'irieties. strains ami evt*n spe< ies. Helem/.ygosily 
in eultivaliMl crops is ex[)C4 ted to inen*ase hyhrifl vigor, 
resulting in moie heallliy plants with higlier'S'eil yield, 
(aoss-polliiialion hy wind, water or grav ity is of little 
imjMnlaneediieprintinly to llu*ir ■random’ natiiiv. llow<‘\er. 
jiollinalion hy ins4’et-s can have great signilK-aia-e in tin* 
evolution of flowering plants and many floral, vegetative 
and genetic trait.-*. Ml other biotic and abiotic |Hillination 
nuKles are se<-tnKlarv derivatives of zooplnly — animal 
liaiisfioil of |toll(-n gniins. Ihe jwvsiiiei* of a wiik- vari<*ty 
ol jNillinalois and pollination svndmnies have cnnirihuteil 
to the |Hcs4iit-4lav llonil diveisitv in the tmtiH saiMi sulitmfiies. 
Among the animal |M>llinaloi'**. Imv ) tollination (nwTltopfiiiy) 
isol giciil signifu iux-e in iigiieultuiv. Bee |xklliikition iiK-iVits-s 
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CK 
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M'tni pnKliK-tion in nuuiy <‘nlomopliilou>> and ane‘nK>|>liil(Hi< 
< l orllu* |MX‘s«i\alionol (Inixd divi'ivity in llu tt’itsystein. 
<'(ins<‘nali<Hi ol ]Nt|linal(»isand |M)llin>ili(Hi m‘I\ im planls 
aiv i^^st^nlial. ha iin ivaM-d rnjp \icld r»l and InnU 
niana^<‘d |M»llinalioii should ivcHve lop piiiMity. 

\( knimlvd^mfnl 

1 ui'li to ihanls l^ol. K.U. Matliur ior urnoral iarililic^>. 
\innala.m\ wifr (♦H riiconra^oiiuail. Dr. VlanjiiSingh lor 
lioi criliral sujz^^fMioiiN. and \r)Ju l?alln (or lu r liiiH'ly 
liolp (or llio proparaliini nl iliis arlicic. I hr lutid" (or llii> 
ailii’lt* wtTr iililizrd (roin thr projrcl> *(i(a)/(»o-2-M*- 
Ajiri.* and ‘('(g) /oo-()-0 A’ spotisoird l»y thr Slair 
( fOvrrmiK'nl of liai'Nana and Minisirv ol Km iionmrni and 
Kok'sIs. (a)\rniinrnl ol India. n*>.{HN li\r|y. 


US. I i^oiihmiors ior 

Forostrff & \aturv 

I’ollinalion is a pixolaL krvstonr priH*r'<s in almost all 
hioliralK pnHliH-lixr trrrvslrial r«'os\>.lrm‘«. Th«*x* inrludr 
ihr most rnnole wihIrrnrsM's ol thi- \ivtir to llir most 
higliK nianagrd lanning o|M*ralioti'< sui li as livdixiiMtino 
in grrrnhonsrs. In thr ai rompain irig Kiguir |Millinatioii 
is at thr t t“ntrr«d a niiilli-sp«)krd \\hr«‘l wliix h has luinuui. 
li\(‘st(N-k. and wildlilr (‘oiisiiiiu'is around its rim. I'litTr 
aiva fru oihrrsnrh im|H»i1anl n’lalion>hi|» in maintaining 
the* r< (isvsU‘mir iM'alth •)( ilk' plaik“l — (nilgai and miriohial 
r(‘laiioiishi|is with mots alh'rling plant gniulli and niitntion. 
hiofilis siral inlrriH-lions in thr soil, hiophxdral inU'iai 'lions 
of lii'r and thr atmosphrrr. plant pmpagnir (smU ru*,) 
dis|K‘n>al hy animals, thr mir of forests, and mnllifanous 
|M>lliilion pmhh'ins. 

KerriilK. roiw'naluin roni-rms fiH'iHillinalion Ikim* stalled 
to take on a greater prolllr, .Smir ol this roiH-rm ha> 
r«)iiir al>ont In'raiisr ol the n*rogiii/(^i \ aim* of | n ill i nation 


to ap*irnltme. Kigiires ralrulated lor the L .S.A., (Canada, 
and \nstralia. moslly in regani to honryl)t*t‘s. show that 
thr value ol [loliination lar rxrrt’ds that o( hive piXNliirls 
like hoiirv. The rrrognilion ol thr pmhhmi in Knrope 
prompted several serioii.s and pioneering studies. 
Nevrrtiudrss, the rroiioinirs of animal |Killination in 
agiiriiltniv v\ ilhin anv om* riHintn an* rompirx ainl diniriill 
to:Ls*>rss. Ilial notwithstanding. agiirnltnn'andothrrmiiLilIv 
V ital ('roiiomii' vrtitnrvs I'annol do uilhoul their varielv 
ol (M)lliiiator<. inrinding the iih»>I genenilly im|)oi1anl. the 
honeyl)er>. Hie total value of animal |Millinalion to world 
agi'irullnrr has not lieen estimated, and the value to world 
tH'osV''teniir health is U vond nuMsarr! 

Hie demi**e ol |Hillinators 
has roinr alioiil through 
lour major human 
aiiivilies — o) Pestic ide 
Use: i»> Hahital 

destiurlion; Diseases; 
am ld>C< »iii|)e(ilion iimm 
inti'odiirc'd llower visitors. 
Most information c-onirs 
from temperate regions. 
Uit ll»e*sune piolileiiLsran 
Im* assmn«*d to lx- rcjuallv 
or more sevc*re in the* 
1 n >( Ml > (.sr< • S H* t ions I ..A.2. 
1 .5. A). The aim of this 
Sec tion is to review hrielly 
the infonikitioii a\ aiialile on 
4‘iuh liKtoicUKlloplarc* into 
(M‘i>p«‘c tive thr |>ol<‘ntial 
s< -nc H isi les." of igi N iring w I lat 
has already taken place. 

\nother issue* m {lollinalor i-onservalioii is an increasing 
rec(»gnition hy scientists and othei's that *iKHi-honeyl)ee.s* 
are im|HHlant as crop |)ollinatoi's. Nrvriihrhss. the hick 
ol gc*m‘ial arrrptancc* ol the* grc‘alc*r riricirm*y ol olln*!’ 
|Hillinatois lor c'cilain (*m[)s. and the* laihm* to rrrogni/c* 
that somern>|)s an- |MM>rl\. if at ail. |M)llinalt*d Iw IioikwIm-c’s 
have hampc*red ap|iropriate devrlopiin'iits towards 
pollinator conservation for agricultural productivity. 

l)PesiMd€^ Hu’dangc-rs iLssoc ialrd with [M*sticidc*s. 
• s^m^c-iallv iiiscn-ticidi-s. and )Hilliiuit«Msan* well dcK-umeiiled 
and nndt*rst<Jod. <‘sprc‘iallv with regard to Knropc*an 
hoiitwlx'c's. (aiiT(*nl availahh* inlormation is snmmari/rd 
in A|i|M*mli\ 111 (sc*e also the n*(<*rrnc‘es. listed after 
.S^c-tion 2. 1 ). Johansen and Maver ( have leeentlv 

written a highly inlonnative hook cm the suhjeet. with the 
main «‘mphasis on the L.S. A. f-oi most |M*slieides ii.*^c^l 
worldwide* th<*r(* is piihlislied inlonnation on the toxieily 
to Kiin)p<*aii liiHiev hc*i*s. and sometimes l»> other l>ees. 
Vlaiu [lestieidec onlaineis. in fart. U*ai (aU*ls with c-aiitions 
ahout tiu*dang4*rs to |M)lliiiLitoi>>. 



to 


Copyrighted material 


Re< enl tivnds in many piuls ofllu* world lowaixls n*diirin« 
llie use* of |)ostKides in apicullim* aiul fdn*sti\ (h<f‘S*<iioii 
1.6) have gone far loward lessening the ineitleiiee of 
pollinaloriioisonings. \eveilheless. in develofmigeouiilries. 
the pnihlems an* still s«*\ere. It imisl also Ik* mnemheivd 
that |K*s(ieides are an integral pai1 of integrated |>est 
iiianagHnenI praetiees (IPMl f()ren>p pn>Un-lion in nuxleni 
agrieiilliire and foreslr>. Tlie tlangei>. must still Ik* k4*[»l 
in mind and a constant vigilance mainlaint'd. 

Most |N'sli(‘i<le piohlenis sleiti fitmi ac-cMlenls, carelessness 
in application, and //e//7K*m/e misitsc dfsfHte laln’1 tmrn 'mfss 
and revommendations. \s |»estieide applu alions |H*eonie 
mort* and more regulated and us«*i-s are re(|iiir»*d to take 
siifety courses Irefoie (eilifiealion. the problem >hoiilrl 
diininisli. However, in many coinitnes regulations are 
wanting, lax. or ignored. Die general problems are 
exa4'erliat(‘fl b\ tla* )n*t*a\ailabilil\ itt de\4‘lopirig countries 
of |K*slieides that art* oirlmiHleil or illegal 4*lsev\lM*n*. In 
agricultur<il s(*ltings. |K‘stici<leus(*< atr lH‘4*asil\ tiKMiilore^l 
and controlb'd by it} n*sponsibb* agents of lire 
agrocheini(*al irt<htstries titatudai luring and selling 
jK*slicid»*s. hj.iii ig4*nt applu alors who |wy heinl to laUds. 
re(M)mmetrded applicaliort rates, urrd warnings aboirl 
|x>llirrator |x>isoriings arrd hitman health. C*) goV4*iiiim‘nt 
extension agents, and «o other iirlereste^l persons in 
agriculture, pollination sen ices, or tiu* gem*ral public. 

lssiH*s in n(>n-agti< iiltural s«*ltings ami agro-haesltA are 
more complex b<*eause ol the imp(»rlanee of a wider 
diversit) <»r|X)llinat4»ts. IxMh wild arrd managed. The most 
well itndeisItKKi situation is in eastern Canada VNhere 
fenitrothion. spiayejl against spruce budworms that 
wen*<l(‘loliating (orvst lre«*s. It hadrk'vaslalingsideenfeiis 
on wild, native |M>llinalois of eomineivial blm‘lx*ir\ fields, 
effects were also imnmdiately felt on the pollinators 
servicing the sexual reprotiiiclive needs of native 
vegetation. A numlM*r of diflerent plant sp<'ci(*s of the 
lores! and lon*st margins sufh*r<*d redm cMl fruit and 
.se<*d s(*t. whi(*h in turn would l)e e\pe«ied to impa< t 
wildlift* by d(*pi*iving them <»f natural (juanlilies of fixxl. 
The «*fn*ets on |H»lliiialois residting fmm other extensive 
applications <»f pesticides against <»tlu*r major tx*sts. such 
a.s otlu’f forest ileloliators. I<x-usts. ami grasslami lierl>i\oiTi*s 
have been investigated hatullv at all. 

2) HitMitti There are three ways 

that habitat destruction affects )x)llinator |M»pulations. as 
with [x)pulatM»ns of anv <»rganisni: a) desti'uetion of fixxl 
S4nirces: t>) df*stmction of nesting or ovi]x>sition siu*s.and 
c)iU *staicliorr of resting or mating sites. 

The destnretion of Imwl sources is best illuslral(*<l bv 
examples of the removal of v<*getalion. which pm\id4*s 
|x)llinator foixl when the crops are not in bloom, fi'om 
agricultural areas. \erv often tiu* vegetation which is 
rermwed is legaixled as unwanU*d. as wt*eds<»r<-ornfH*tilion 
for the crop plants, yet is invaluahh* to |Millinators aiul 
other iK'neficial ins<*< ts. Kt'van (l^Xifr) has made s|K*eial 


I'4'ler4*nc4* t(> th«*se pr<»blems with ies|>eet to hitrlogieal 
(‘ontttil. IPM.and |x)llinati4Hi in thetmpic’s. DiK-iimentation 
of the negative effects on pollinator populations in 
agricultiii'di areas of leuKW ing "imwanled * \«*getatiorr < jime 
fi-oni Kuro(H* and \oilh America. 

The destruction of nesting ami o\i|x)sili(»n siu*s has lK»en 
d(M*mnnil4*d in central Cana< la lorthedetiii>e(»f)X4|HilatioiLs 
of leaf 4UtU*r lx*es I Mega<*hihlae) left without nesting sites 
in slumps and logs as fields tri alfalfa e\|ramled. in Kuro|M* 
for bumblebees as the amount of relative]) un<lislnriH*d 
land in ht*dgerows and gr<*t*nlM*lts <leelim*d. and in the 
tropics for the inade(|uate |Killination ofemv/o bv mi<lg<*s 
in plantations from which ovi|Hisilion substi'at«*s. I'olting 
v«*g(‘tation. luul Ix'cn tm> fastidiouslv lettHweil. 

Kxaniples of the destruction of s|»e< ial mating or resting 
sites woiiM peiiain to pollinators with rather sp4*(*ial 
re(juir«*im*nls ami to tlmse assix iahMl with rai4* plants. 
\llhough this problem is suspected to be real. 
diK'umeiitation is not available and wouhl )m* V4*r\ dinreiill 
lo4»btain without s|K*cial stiulv. 

Hiegeix'rat issm* of habitat di‘slmclion for |M»lliiuilots has 
4*V4jked conc4*m on a broad scale. Janzens 1*J7 1 arliele 
" lire deflowt'i'ing of America * exemplilles the pi-oblem. 
lb* points to a vi<*ions evcle of reduc4*<l vegetation for 
|M)||inatois* iv*s(»uiees. iv*<luet‘d |X)llinatH»n ol the veg«*tation. 
the demise of plairt teprvxluctive success and leiliu’tions 
in seed and fruit set. These result in tin* failnix* of 
levegetation with a level <»f Imxlivt'isilv that would have 
otherwise eonu* alxmt. Iliis cycle applms t«» all pails of 
the world wheiv |Millination by animals is an integral pai1 
of the ectisystem. Nevertheless. re<*«*nt books on 
conservation of iiiset ts ami other aiiiinals giv<‘ short 
shrift to |x>llinalois and all but ignoiv the eons<*<]uen<'es 
of llu'ir ik'inise. In lh»* c(Mrle\l of the pivsent Ixxik. this 
allilu<le is verv difltcult to understand. 

•f) PipHittaUtr fiisi*asiKS» Mitedis(*ases of honevlxxs 
have evoked maj<n <-oncern as ti'ucht'al miU*s ami W/rron 
havVspreail at alanning iaU*s. lire im|Kicl of th4*s(*diseci.s<>s 
on colonies of honevbees is well (kx-utiK'nled. but litth* 
infonnation is available on tin* eflm ts on |X)llination. It 
has lK*en suggesU*d that main amaU*ur ami small-s< ale 
lH*<‘km‘|M‘is will abandon their aeliv iti<*s lK*4'aus<^ of the 
additional eompl<*\itii‘s of Im*c rnanagt'tm'nl associated 
with monitoring lor mil(‘ iliseases and eonli'olling them 
onc<*deU*<'te<l. rutihet; elu*mM ai 4‘<»nti'ol of mites mav not 
Ik* acc4*ptal)h* to piiMliie«*rs of pure honev. 

Tlu* e\pecti*d i hanges in the face of lM*ekeeprng. which 
is mostiv in the hands of small-sc ale operators widelv 
<lisp4*rst*<l ove*r th«‘ agi'ieullnral landscape. s<*ems to be 
r<*sullingin h'Vv«*rlM*4*k«'4*|K*isand less4*rdis|K*rsion of fn*e 
|H)llinatioti from bees in tlieir hives. Alivarly their are 
complaints fmm jiarts of the L .S. A. about inade(|uate 
riumlK*rs of Imnevliees for pollination ol [Mime, stone, and 
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small. s<»(l Imil crofts. Pnlluialioii sen ices iiuiv cuine to 
Ite f)io\i(lc(l liy coimncivial iMvkct'fn-is al an additional 
cost to the jjrower and <-nn.suiner (.see Section 2.U. 

Tlial scenario would apply lo Iteekeeftin*: ofteralitnis in 
otlier [Kills ol the world uheie non-native diseases luivt‘ 
invaded the native stocks of lioneyl>ees. In India, llic 
[Hissihle transfer of disi'ascs fmm KnrofM'an lione\lM*es 
to the Asiatic hiv<* Im*c {Apu (vraiui)\\n> sn‘i;icst<*<l to have 
canstn! the demix* t»( llic latter to the <K*triim‘iil of hoiu*\ 
[mKlnction. 

(in*al care is nccdtil for the inlroiluclion of IioiicvImm's 
from (tne [tail itf tlie vsorld to anollun'. The spread of 
lloiM‘\U‘<* tiisi'ases, ill nil pliM c lo plat'cand u^lut'eri Sfiecies 
is mostly atirihntahle to hnman activity (e.". in 

North and South America. Kiirope and western Asia; 
tracheiil mites in \(nlh Ameiica: etc.). (,)iuu'dtiline pn»tocols 
aiv well t slahlished in some conntncs. hiit unfdilnnately 
lacking in otheiv Baih*v tind Ball ( IWI > pixtvidc np-tt»- 
date inrormation on lumeyhee patlmUtjiv worldwide. 

I i'iil cutter lx*('s also snllcr[n»ndisi‘aM*s. Hie iiHisI imfioilani 
arc the manv chalk ImnnI liinj;al disi*ase*s. >iich us that 
allcctin*' the alfalfa leal cutter Uh*. We/joc/nVc orffWo/o. 
lliis dis4*ase Iuls a major iiiifKicl on tlie culture of the Ih-cs 
iiinl <liii^n»si> facilities have lieeii e>tahlishe<l in some jilaces 
je.fi. western ( iaiMida) where these liees. aiv hijihly irnpoilant 
to |M)llinalion in ii^ncullnic. Beseaichoii thedi.s<niS4^ other 
managed |M>llinatoi's. siicli a> on liiird Immss {Osinid) and 


Immhltdu'cs Ulijmlitis) are 
ln*comin«i ini|Ktrtanl as iIu .m* 
pollinators lake on a role in 
agricultural crop piodiiciioii. 

llic inifjoilancc of dix*asc in the 
regulation of populations of 
native |K»llinatois is unknown, 
riu' stune can In* >ai<l reganling 
mb's of olln‘1 natural ciM’ini»»s. 
such a** iIh* nuiny jkimsitic wasp> 
that attack natural |N>puiatioii'- 
of all kiiMlsof!>ee>. Imt aie much 
more concentratt*d and i cijiable 
ol i rcatingad\<*i>MM*flecls in tin* 
nun mere ia liy estahl ished 
)M)pnlalions of s(»|i|aiy U^esfsi't* 
SecliiHi 2.0). However, a wide 
variety of [Kithogens. parasites. 
[larasiUMds. anil predatoi-s are 
kiM»wn to attack luiliveliees.and 
4*tlier pollinators, in nature. 


4) Poiiutatar 
coiiipplifioit. 

The nio.st studieil <d the 
competitive interactions 
Between |)ollina(ors as tliev relate t<i pollination is that 
of the effect ol the Alri<*ani/ed and African honevBees 
on native )»ollinaloi> an<l Kurofiean honevU'es in South 
and Central Ameriv’u. BouBik first pointed mil the 
apparent reiluclions in aBundanee of native B«‘es in 
the Ncotropics allt‘r the invasion of Alricani/eil liees. 
Suljs<‘(|uently he filaced the phenomenon in a Broader 
conteM. hut tin* issue of the competitive intera<-li4ms 
of African Bees willi native pollinatois in S<iiilh and 
Central America seems complex. Informaliim in recent 
articles has Been misused and misinterpreted. A 
(h'lailcil fiehl stmlv in the Cerrad(» of Brazil showed 
lliere v%as a rclalivelv small (ahout overlap ol 

African lioneyBees with native Bees on flower species. 
This ailicie <lid not deal specifically w illi conip(‘lition 
among the Bees. But has sometimes Been said to show 
the African iHmeyBee was not a significant competitor. 
Besi«les simply l»eiiig poor ideology, such intcrprctatiims 
igm»re the aBxjluti* necessity of recording eliang«*s 
Brought aBoiit By hoiicvBce imasi<m — almost all 
stiulu^s focus on fdicnomena that lake phu e after the 
fact, riiis. unfortunately, is the case throiighont the 
world, wlicrc \pis ha> Immmi introduced and no studies 
ijf any kind were made on jmssilde impact on native 
or other animal speidc^s. 

In Australia there has been recent ileBale on the (Tfeels 
ol the inlnHluced Kiiro|H*an hoiievhee <m tin* native flora 
and fauna of p(dlinators. Some com Bide there is 
juslilH alion hn theeoneeni that the Kuiopean houeylM*<s. 
havecaus<‘d reductions in the |N»llinalioii of some native 
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pianis. (‘sprrially Mni-polliiiattMl oni‘>. I)\ r(‘mo\in^ 
the nectar soufjhl l>> llie hinU and causing: < hanj;es in 
tlunr ))o|HjlationN ami Idra^in^ haltils. Th<‘ isMie oi lla* 
ellects on native |K>llinalin^ inscN-t'i is not so ( lear fi'otn 
the liolaiiical side, lull the same tr»*mls are evident with 
res|H*<*t to the native l)ees. 

.»j iHvi*rstti€HttUnt of |M>ffui<iforx. 

Mlhoii^i it must U*eon< (*<l«^l that lionevlie»*>are the mo>t 
valiuil)leoI |M>llinalors in afnicultiire. tliev are not the 1 )e- 
air ami Viid-aH' ol cm]> |M»liiiiatK»n. 'Hie examples ol the 
gmtterejliriencies oforrfuml Ihvs for ftome fniil (milmalum, 
tilfalja leaf niiler In't's for alfalfa fM>Hinalion. hiiml}leln‘es 
for fMtIlination (ftonuihH's and other sohmareous cntfks in 
frreenhou.seSs hluclH‘rr\ hres for hliieU^iTies. and carfH^ntcr 
hees for iKtssion fruit illustrate the point. The hu k ol 
|K)lliiuilion hiiHi^il cil)out hv hotH^vl)eesoi}oil |mIi]|. various 
annonactMHis Iniit cnn». n*<l clover ami other crops with 
ilovvt‘rs l(K»dm"p rorhoiicylHM*s to vvc»rk. and lKit-|)«)llinaUHl 
ilurian aiv even imm* extivim* a> sound examples of tin* 
need to consider alliMiiatlve |M»llinalois for inanv <'iops. 
Tlie issues in the liopics are es|H*cially im|KH 1 anl Uvaiise 
the natural pollination mechanisms of so many plants 
<cro|)s and otheis) an* not understood. 

C'o»M*ftf.VIOIIX 

Conservation <Thonevhees. other domesticated hees. 
wild hees. and other pollinaloi>> raise an im|M>rtant issue 
in the glohul (*onle\l (d agricultural and natural 
sustainahle priMliK'liv ilv. It isexlr<>melv important that 
api(*ulluris|s expand their hon/oiis toemhra(*e the eiiltniv 
of alternative species and to embrace the imporlance 
of other |)ollinaloi's in agriculture. The impoiiance of 
pollination, and its IxMiig adversely affmied on a wide 
fnint llirough hahitat destruction, poisonings, disease, 
and coiiif)etitive interactions with alien s|m‘cI<‘s. net'ds 
to he fully recognized hy biologists, ecologists, 
agriculturalists, and the general <-itizeiir\ of the world 
in the new spirit ol global, (‘in ironmental suslainahilitv 
and th(‘ eonsenalion of hiodiveisitv 
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.'\(‘< nunts ol rrop f>ollinatioii in trmprraU* clinialo aix' 
given l)v \1c(iiegor for \oilIi America. Ralra. Ku|iil. 
Jain. Alinuul and Dafni for the Indian snlK-oiiiineiii and 
ill** middh* e;ui|. Kn-e for tin* world, and Oane ami Walker 
f«)r Iropii al connlri**s. Tlu‘> im-liid** illustralion> ol llower 
nioipli<il<^. vahialile t>il)liogiiipliu*>. and a* 'counts ol x>m<* 
regMHial |M»llinalors. llieir e|Te<ii\eness. ami llie ne«*d (o 
contml inseclici*le use on cmps. The 2! crop f^roitps 
stuiunanzt*tl in ihis si*ctitm focus on major tein§H*nttc 
rrr>/M firmvn in hifiiiianti rcfgions of the tropics, liu* 
plant families healed heiv include man\ major famiti<*s 
of crop. we*^l and indigenous (nali\e) planls. Slim) >s, vines, 
herlis an*l lives an*co\eivd. ni«*s<*s|x*ci<*s llower in spiing 
lo autumn, aixl lh**ir llowt'iing imthmI is >hoi1 lofairK long. 
The 21 groups fairlv represenl the varialion in floral 
stmelur** and Imnnling system f*>iiinl in crops |)ollinaled 
primarily In in.se* ts or having a mixture ol wiiul/ins<Hl 
aiHl l>inl/ins*'ct |N>llination. Cn>|»sfn>ni tiu* less s|>*x‘iali/<*d 
[dani families. ofh*n siiile*! t*» geiu*ral pollinaloi's at** 
consider***! first, ('.rops that are not treli /follinateil 
h\ /io«ev/><*€».s are revietrt*ii in mote (fetaii to iliustmte 
the suhtieties that can he involred. 

/!• s/H’drs. :iH() ^nieni) 

Kight of the U) firassuv s|»e* ies are i ullivaled as ciio|)s. 
The *lvvaif hon**ylM*e. \pis Jlnrea fails lo fMilIinale flowers 
of all cmcif**rous cmjis — loria. miislanl. cahhage. ra|)**. 
caiilillow**is. tuniip rocket t*n*ss and radish. 1. rrrana 
eon 1*1 well U*have like the western h*m**vlH*e In ivmoving 
nec tar fnmi s*mie *-m|»s withimt contacting the aiilheis and 
stigma. 

f * SuH*di* r«p<% Hrci.<v.vi4*« iMipiM. ciiicl 
lifrtii|K ft. 

Hies** cnicifeis an* mainly gn>wii for oil s<vd Inil ihe (dnner 
is used as a givenfiMhIer I'lop lor liv**stock. Over (liWe ol 
the rap** oil < rop is grown in Asia and ihe Indian 
siilicontinent in U*m)M*rale anil siihinipical ar**cLs.Tn>pi*‘al 
counlri«*s gniw uIkhiI (>Wc ol the world cit*p. The main 
ru|M* gnm ing ccuintries are China. India. Bangladesh and 
lo a lesser extent Kthi*»pia. (aihimhia anti Bra/il. Ka{>e 
now**rspmvidt*an im|MHlanl s*Mm e(*fhonev in Ban^ailesh. 
China. Pakistan. Japan. I'aiwan and Aig(iitina. hut hoiuw 
vieMs aiva m*Ml«*sl 7-14 kg j>**r h***iaiv. 

Swede rape is self-fertile, hul it prodm es a grealer 
weighl of seed (mm longer [mmIs wilh mon* seeds in lh(*m 
— **hi**ny the result *if [M)llinat«>r visils. S***d set and vield 
aiv )MN>r in glasshouses that rely on self-|H)llination. an*l 
s**ed viahilitv is lK*ller with cn>ss-|)*)llinalion. Kl<jw**rs of 
wint**r ra|>4‘ (sown in autumn) remain op<*n an«l can lx* 
|M>llinaU*d for on** to lliive *lays. Spring ra|K* flow**ts can 
I)** pollinated during one *»r two ilays. W inter cnips 
flower for alKuil six w**eks in late spring, and spring 
*Tops hliMMii in early summer in temperate /*)iies. lull 
during the *'*k)I season (late aulumn-**arlv spnng) in the 


Punjah. Ba|H* is a useful n**ctar s*um t* lor h*)n**yl)<‘<*s. 
.Sun** |M»lI**ii isgatheit**! fmm crops 1 *m>. hut W).()-9.5..>0{^ 
of Idragers later *//.v*Y/nr/ the |xdlen an*l *lelil>erale |m>1I**u 
c*>ll****ting is raiv. 

liniwini is mainly |N>llinat<*d hv insc'i ts, lM*t*s in )Kiili<*uiar. 
hut shaking of the planls hv wind conlnhutes t*> [xdliiiation. 
Most in.sfi ls [uillinate the yelhwv rape flowers. Iwo 
h<*<*lh* [)csts only < arri***l ahmit lOf^r ol th** pollen of 
hon«*vhees and humhh*h*‘*'s. In spring rap**, some* 
hon**vlH*(*s take m*clar willnuil pollinating th** flowers. 
Il*ui**v U*e (lower V isilati*ui rate increases and the flowers 
visted })<*r plant *l<*cliiu* as t**m|)**ratim*s iiwivas**. wh**n*hv 
(*mss-|M)llination is piohahly iinprov***!. Poll**n (‘*)ll**cli*m 
r**a* hes its|u*ak in the moniing. lluisefle*ii\e |Mi||iiuiti*ui 
mav harely exceed 10 Innirs even *ui a line dav. In 10 
houiv. **a**h luuuwlxi* slundd visit .A.()(K)4U)(K) now**i's. 
I live*i**nsity of2-fVli<‘ctaiv is n't'oinmend***] for )N>llination. 
Ill** giant honey Im**' \pis dorsala is an **lh*ctive (NJliiialor 
and increase**! yiehls have lieen re|KUle*l when hives of 
4. ivratut w**r* inlnMliK cd U>* ix»f>s. 

In Kur**pe. Homhtis is a *-onsistenl }H>llinalor of raf>e 
flowers. In India, the solitary hee \nflrcna Icticim is a 
(xuisistent ]M)IIinalor. Kiv*|uenl v isitois in India and PakisUui 
include Apis florra. which is imt an <*n*‘clive |N>llinat*>r. 
and Andrvna Hvrda. whi* h may nest in ra|K* llehls. ( )ther 
common visit*us iiu lml** //o//rh/.v. two niort* and 

less **ften Amr^iUa. Anthoplwra, ('.eratina. Colletvs. 
iMsiofilossum. \oma(la. \ornia. \omioi<lvs. f^ithilis 
smarttfululn. Sphennics. Thymis. and Xvlof'ojHi. 

tt* HoS€HH*UO iXAOf) sfHTtes. I20f!eiural 
Hie rose family have oj>eu Heavers wilh stamens near the 
stignu*Mi**iK hllow**r. Kiichll<»w*‘r* an iisiuilly lH‘|mllinat**d 
hy gen**ralisl ins**<*l visitors. Fiow**ring is intense and 
virtually coinplel***! in two to thrv** weeks. Pollination is 
iiHisl fiv*{uetil <ui ill** first *lay of n*m**ring. \lnMin*U/^m//a.v 
am\f:<lalus var. dulris) ll*ivv«*is first in **arly spring, lh**n 
p**a**h**s anti nectarine {f^runus persica]. apric’ot 
tirrnenini). plum ll*nmus flitmvsiicusK Japan**se plum (/^ 
salidno). sweet *’heiryY/^ oiiiimi. tart * h**iTy fi* (vrasusj 
. lh**n Kim>|x*an j>**ar il*vrns ronwmnisi. nashi |H*ar (/^ 
.sero//m/) and finally appl<* ll*yrus malusf. Daytime 
l<*m|M*mlur**saix* critic al for |M>llinaloi at liv ily on almonds 
and rather less im)Mirtant for apples that llower a month 
later. Peaches, nectarines and apples will Ik* unevenly 
sIuiimhI with inad<*(|uale |M)llination. S**(*d si/e is small an*l 
fruits elongate in jMMirly |M)llinaU*d jK*ars. atul |vat1 of the 
a))|)le(X)iv will la* k pi|is if rH>t |M)llinati*d. Almonds, apricots 
arwl |M*a«hes hav«* single* II* »w*Thu* Is. whil(*appl(*s. ch**m*s. 
|x*ais and filimis contain miiltipl** (lovu'is in **ach hud — 
giv ing lh**m2-10lim**s ill** density ol l1ow**rs. Inlonnatmn 
isscaiV(*on flow* r*lensily **ven though fmit set is*lis*us.se*l 
(usually Iuis4ul on the pro|MUlion of rnultiple-llmver huds 
that rnakefniil). which mak**s all data *ui fniit-set *lilfi* ull 
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lo inU*ipn*l. M()>1 on hanis an* pUiiilrd with KM) U» KM) 
lrp»Wlm tarv. while inlensivel) livllised imiltilier apples 
aiitl (Iwari peat's can have up lo 1.150 Irees/lieelare. 

2* Ibnottdsm t^runus at»f§€fdalus 
rar. rfiff<*ix. 

AIiikhkI fltmeis decline in n*cepli\ity diinng tin* tim e 
(lays ih(*N may n*main n)H‘n. Alnmnd has (*ari\-. inid- 
aiid laledlowering \arielies. hut imM flowering (Kcurs in 
the month that winter Itinis (o spring. A pn>ntahle cntp 
(l<‘| tends on cntss-pollinalion ol most f1ow4‘tsand 20- 10^^ 
of flowers usualK set fruit. 

The while (lowers (tf almond an* i(‘lali\(*ly attraeli\e to 
hones U*es atid o|m*m when lione\lM*ee(»lonies an* at altoiit 
their smallest size in the season when weiillier ollen 
n*slriets foraging to 1-5 houis }m*i day. Neelar eolleelois 
raivls eonlael the stigma as th(*s pen li on tlie |ielal and 
proU* nectaries UMween lws<*s of the stamens. AIm(uI 150- 
2(M) hones hees/lree or 5 lo 10 stnmg hises/lieetare aiv 
n‘C(«nmended sit that lioneylH*es inst*stigale more lloweis 
and moreoftt*n ))(*rionnen>ss-|iolliiuilion sen iees.Ciilifoniia 
produces ahoul one-ihird of tlie almonds in tin* ssorld 
and titert* are tiol enough h(Miesl»ee c(»l(tni(*s locomplelels 
satisfy the nt*t*d for jHillinators. 

In the I SA. the mason Uv. O.smm lifniarifi lias lte«*n used 
experimentally In almotid orchards, wliile the orange 
orchani Itee. f). romula has Iteen inlmdiict'd for)M)ilination 
of almonds. 0. romula is being used (*omm<‘ivialls for 
almond |tollinalion in S|Kiin. where (M)-^M)9r (tf the |K>llen 
collected hs these Ih*cs comes from the fruit trees. Iti 
KcLshmir. the teni|M*taliiiv threshold for foraging on almotid 
is for A/m.s (vrona and \\loro{Hi Jrnrsinila. In New 
/(‘aland, tin* (juccns of liomltu.s Irirrslris frecis use almond 
fl(»wcis. Klowering (K-cuts Udorc most n(*slinghas lM*gun. 
so that (jumis are the maiti visitors and nectar the primars 
resource ihes seek. Kollltiating ne(*d Itoth 
sunns cotidilions and 15.5^C for flight. 

.*!• Pvavhi*H ciiicf 

Iltese need svint(*r chilling, like appl(*s. which n*slricts 
them lo tcmp(*rat<* and suhtropical climato. Kiom 1 1 to 
of all |K*achcs and ncctarin(*s an* pnHiu( (*d in Asia 
and India.alMHil Wr in Africa. m(*r59f in (a'tilral America 
and m*arly in ln>[)ical South American couniries. 
rile main piiKlucei's Innn the alxne ivgions are (5iina. 
Japan. Mexico. Korea. Snith Africa and Ihiizil. 

Most peach varieties are sell-fertile, hut *llale*. 
'Marsan*. ’June Klherla*. ’Ilallherla’. ’Catidoka*. 
‘(Chinese cling*. ‘Almarand*. ’(irawford*. and ’(/iatil* 
r(‘(piir(‘ ctxtss-pollination. The pink peach flowers are 
receptisc for tlm*e days. Wind can dislodge pollen 
atid set fruit. In the field, hees and other visitors 
contrihute to pollination, hut show little evidence of 
impros ing yields or fruit (piality. Fmilst'lwithhoiMwiNX's 
can he twice that ofliagged flowers. The use of 0.2-2. 5 
hives/hectare is ret'ommended for [lollination. 


In Ja|)cin. Osmia ronufrons is us(*d for |)each ]Killinalion. 
In Kon*a. Ue^^or/t/Zeaivcommon wild )K)llinators. And in 
northern India. Apis dorsaia was the most common 
hones l>ee and liegiui visiting the flowers aUiut an hour 
caHiertlian im]M)i1(*d \. mrilijera. Flies lemained active 
on flowers in overcast and rainy weather, unlike ihe 
hoiK'slx'cs. 

find 

Fnan 2I \u2M of the cherries are pnKluc(*d in Asia, with 
pnMlucti(»n in tin* Neolropics mainly in M<*\i(‘o. hut also 
Chile and Argentina. ’SlelUr is the (nils oneofdOconimon 
sweet chem ciillisai's that do(‘s not need anoth(*r sarii'Is 
to sers(* as a pollinizcr. Tail cliciries are largely self- 
f)ollinating hut can yield twice the (*rop with cross- 
[milination. Ilieir flowers hav e a low sugar concentration. 

Aearly fluctiiations of 2(M)-KM)% in yields of plums have 
been i(‘ported in New Zealand and the I SA. Loss 
availability of |Nillini/ing liees and degive of |K>llination 
and fruit fbmialion an*consid(*n*d localise such variation. 
W itli F.um|M*an plums, gn'cngagi*. alMiiil half the puqdt* 
to blue pnme plums, and some yellow egg and lomlmni 
fred to |)ink plums) do not need another pollinizer 
sari(*ly. In all. 19 of tin* 50 main commei'cial sari(*li(*s 
rc(|uiiv a pollinizer to s(*t fruit. Self-feilile plum varieties 
usually have 20 to 25 stamens on each white flower, while 
s(*lf-sterile varieties have 21 to 52 stamens on a flower. 
Fruit s(*t with pollinating lioii(*yi)(*(*s can Im* six times that 
of bagged fl(»w(*rs. thus plums aie iimmc responsive to 
pollinating hees than are |)eaches. 

H(»ncvlK*(‘sar(*(‘fl(‘i-livc {Killinalois of plums and cheiries. 
In Australia. wli(*n* lh(*r<* an* f(*w additional jKiliinatoix 
fniit set reaches ‘M}Vr wh(*n T lo 21 honeybees an* seen 
at one time on the flowers of each tree. Fmni 1.5 to 5.0 
and 2.5 colonit‘s/li(*claiv are n*commend(*d. rcs|)cctively. 
for |H)llination of cherry and Kim»|M an [iliim. In iiorlhcrn 
India. \pis(vraua ftHiiged IjHigeretich day than the im))oi1ed 
lioneyliee I. mrUifera on ImiiIi plum and appl(*s. A d(‘iisitv 
of 2.5 honey 1 m‘(* colonies/h(*clan* is r(*(*omni(*nd(‘d for 
pollination in KiimiN*. 

The ornamental trees and sliruhs. kowhai iSaphara 
ntirntphyUa}. Cm illra and llakca salifma an* more 
attractive nectar sources for honey Ik*(*s and humhli*lK*(*s. 
while |X)llcn u{ lirassini and gorst* com|x*te with plums 
lor hom‘ylN*c use. In I S A and Fngland. cherry ]K>llen has 
lM*en favoivd by lioiu‘ylMt*s. but kah* can 1 m* a conip(*ling 
|>ollcn sonivt*. 

The horn-faced bee. Osiuia rontifnms is being used 
comnien ially (or |M>llinatioii of plums in Ja|uin and has 
lieeii inlnKluced lo the LSA. Clien*i(*s and plums hav(‘ 
b(*en favoied poll(*n source's for the iiias(»n bei*. Osmia 
rornula. in France*, riiis Im'c is used to a limile'd cxt(‘iit in 
Aiigoslavia and S)>ain for [lollinalion of fruit orclumls. O. 
rttrnula forages at lower tenifieratures than the 
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lioneylMv. an<l over smaller tiislaiu es. A/ulrcna rarians 
was W4‘ll-syiM*linmiz(Hl with cherry ami pliini ilowiTin^. 
ofliMi c(»ll(M‘ting o\c*r9(K^ ot its imiIIimi from llimcrs. In 
noillie‘n» riiailand. \. flomi, Trif>;oiut, an«l \. arana were 
llic main l»ec visiUM's to plum flowers. RumhlclM^'s that 
cmer^ie early in tlieseas(Hi anil lui\e relali\ely sliorl tongues 

— H. frnvstris, H. Inronmh H. terriatia, and H. himmulafiis 

— tire the nuiiii sjjecies (duiid on [)lums. (inmets es()e< iiJly 
\alue their conlrilnition to |K>llinalion in seasons with 
adverse weather during ilowering. Chenies are cimong llie 
tavoui't‘<l flowers lor the firsl ol the longer-longueil 
humhlel>ee spei'ies, e.g H. littrUfrnm. that emeige in spring. 

IVcinv. 

Worldwide. 40-44Cf of (>ears are poMliiee^l in \sia and 
India. 4% in Africa and < 2^/( in Centra! America anti the 
tropical areas of ShuIi America. Kach while |)ear flower 
shells |K>llen for two to se\en days and each tiee fioweis 
foralMHit stwentlays. Adi^cjuate cro|>s iVHjuin* that 2-60J of 
the lloweissel fruit. A 12-ton yield/fut Um* is [Nissihle. Most 
\ari(‘ti<‘s nt't'tl |)ollini/eiv. hut iindtT ideal conditions. 
iJaHliHt*. tlomice* and i liinly* w ill set heavA c mj is ol seedless 


|>eais. Tlie use of two to five 
hives/heclare is 

u^conunendctl foi'|ioUinalion 
in Kiiropt*. During the 10 
days of flowering, 80 h of 
leni|)eraUires higher tlian 
lO^C an* net*ded for high 
levels ol [xilliriation w ith 
mellifera. In the western 
I SA. iM casiomil failuivs of 
|»earcm|>s are attnlHiU*!! to 
|»oor wt*alher {‘omiitions lor 
hoiitwlMi* foraging. 

fVar lloweis have plenty t>f 
|M>llen. but the nectar Iuls 
as low as 8-10^ sugar 
conct'UlratiiHi. less than half 
that of cheriies tir apples, 
llius (>ear flowers tire often 
relatively unatlraclive loixv 
visitors and may U* visiUnl 
mostly by Hies. Honeylx*es 
pivfer adjat'cnl apple and 
sweet cherry trees, while 
imistan 1 i Hraxsiai / and 

ciiit'kwced tSteHarid /. gmund 
cover, ami liawtliom heilges 
{Cmtfief'rus / to } letir Hi iw ers. 

At 1.800 ni elevation in 
Northern Thailand. 
Trifiona, A. Jloreii and •!. 
(vntna were the main Ikh* 
visitoisof |M*ar (lowers, and 
tile hover fly. Eristalis 
cvrealis was a main visiUir in Korea (along with the mm- 
wild hom»y U*es). Hover Hy abundance on floweisdeclinetl 
by two-thirds when tem|ieraluies fell fmm 10° to 17°. 
ami no flies weiv piesent at I6°C. 

7 * 

Iliese are a major fruit crofi in tein|)erale and to a lesser 
extent the sulilropical regions, with at least 25 *7( ol 
puNluction in Asia and the liulian siilx-ontinent and cuvniml 
2V( in Africa. Central and South Amerii a resjH‘cti\ely. 
The main tropical countries piiMlucing appl<*s are ('.tuna. 
India. Bmzil. Mexico. Mauritius and Pakistan. Tlie flowers 
are an iniporlani soun e of honey, w ith re|M)rted i nifis ol 
20- 10 kg/heclaie. 

Most im|Hii1anl couimen ial apple cullivars need jHillen 
fnim another <-ullivar to set fruit. However. ’Johnalhair. 
‘Rome lieauty*. *()ldenlH*ig', ‘Wealthy'. *(wilden delicious*. 
‘Nnvlon*. *(himes,*, *Mn‘k'. ‘Ihil gold* ami ‘bellow lrcms|xuvnt’ 
will S4't fniil in laige blm ks fmm their own |M>llen. Kven 
these varieties, with the possible exception of ‘Vllow 
traiispaivnt* tmxliice heavier i ivips with cniss-|M)llinalion. 
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Most ol llu* lionoyheos that \isil afiplr (lowors air iu*ctar 
rollrrtoi's in N. Anifiica and Kun)|M*. Nrriar-collniing 
vxorkfis aiv ent*rll\e |Hi]tina(oi>. of apple llouei's e\eepl 
"Delicoiis** varieties that have gaps in the slann*n ring. 
Hon«*ylM‘<*s wiH'k fnini llie side around the Iwstsi of these 
apple llmveix vvliile standing on tin* |K'tal^. Apparenlls 
the |>en‘enlage of "side-uorkiiig * honeylK*es ineirases 
as the season pix^gresses. wliieh is alter most flowers have 
lieen eross-pollinal(‘d. Individual honeyhet^s tend to 
eonlimie visiting tlie same foraging area, whieli 
diseourages eross-pol I i nation. Pollen-eolleeliiig 
honeylM*e>. which elTeel finit >et l«Mtei than nectar or 
neetar-and-pollen colleclois. are in a niiiunity unless 
nectar is unattrac tive or unavailahh'. In orchards with 
al)oiit I30.(KK) nowers/lieclair. around 200 pollinating 
lioin*vU*esdieetaiv vveie im'cnIc^I to set o( apple* flowers. 
However, it wasestiniatc*d onlv one in six o( the lionevUr 
visits ri*sulted in maturation of a fruit. I'ln* ne4*ded 
misilation could doiihh* the nuinlK*i's ol pollinator visits 
rtHjuired. fliis explains win 2-3 hives/hc'etare. wliieli 
can pnn ide 2. 100 (M>llinating lionev U'es in a hectare at 
any one time, are needed for pollination. In the western 
I SA. 20 honevlK*e visils/lree/minutc* are n*4*onimended 
for pollination, and 1-3 hives/lKH larc* an* recommended 
for |M)llinalion in Kumpe. 

In the I S\. oiik {(Juemisf and dandelion tT<inL\antm 
offhinule) can U* ini|MMlant pollen for hoiunlH'o while 
apple is flowering. Dandelion can In* a temiKMiirv floral 
soim*e. Imh-uusc* it is used for nectar in ccniI conditions, 
when apple flowers uiv unattractive. PoIKmi fmm dandelion 
is coll(*cted rather earlier (mainly in the morning) than 
apple {Milieu, hut verv lew honevhees collecting {Millen 
from dandelion switcdi to collecting ajiple pollen. 
Mowing dandelion to conc entrate jMillen cc)lh*< (oi-s on 
the ap|)Ic* flowers during the earlier |ku 1 of (lowering, w hc*n 
most fruit is .set. would seem to he justific*d. (ioi'se (/ /e.v 
earo/M’u/w) at the start of llowering and horse chi’stnut 
( le.s<7i/f/.v) nc*ar tlie c*nd of flowc*ring can he* c-ompeting 
jNillen souivc's. 

rhn*e s|K*cies ol mason Ix'e. Osmia nmiifhms (ln>m Ja|»an) 
0. lifitumu (fnHii N. Americ a) ancUA ainmlo (fixHii KiiiojM*) 
an* vaiuc*d apjile and fruit tn*c* |M>IIiiiatoiv. Ml an* used 
commen ialK in Ja|)an. Kum|M* and [ S \. One* Im*c* can 
|M)llinateand cause 2. l.'iOfloweisadav to set fruit, causing 
.30-f)0Vr fniil-sel within .*>0-1(10 m of their nc*s|s. BitocmI 
cells in nests of (A //^rm/rrVi catu-cuitain apfile |)ollc*n. 
In Kmiu i*. ap|)Ic* pollen was lc*ss common in 1 m*i* nc*sls. 
while* plum and c hc*m aceountc*d for 47-07^ of |M>lh*n 
ston*s in m*sts. (ami|)c‘ting {Killcai soun c*s for O. rornula 
have* lM*c*n Salix a»id Hrassini. 

The humhlehi*c‘s that erm*rge the earliest in spring 
predcuninate on apple flowei-s in Kuniiie — /A Urresfris. 
H. luconim, li. pratonim — in North America. t{. 
ferrirofa. H. ocridcnialis. H. affinis. H. impafiens. in 
northern India, two s|M*cies of Homhns niu\ presumahly 


othc*rs in (ihina. Koiva and Ja|)an. Bumhlel)c*c*s do not 
’side-work’ the nowi*!^ and visit them two or three tiim*s 
faster than nec tar-c-ollecting honevliees, Bumhlel>et*s 
also forage under cooler conditions, hut the enc*c'l this 
has on dailv pcdlination ol apjiles. compared to 
honevlM'c*s. has apparc*ntlv not Ih*c*ii recordc*d. 

In Kngland. Anflrena rarians used more a|>ple pollen 
(iisuallv overBO^) tiian sevi*n olhc*r Im*c*s of this genus, 
while* ill (h'iimmv 1. alhirans was the most common flower 
vi.sitor. Like the honeylH*c*s. tlu*se 1 m*c*s we*iv less active 
in c4M>lc*r conditions and v isit flowc*rs at aUiut half the rate 
of 4. mvUifrru. making up for thc*ir sIowim*ss h\ c‘onsistc*nlly 
|M)|linaliiig eaeli visitc*d flower and earning rnon* viable 
{Milieu. I' lic*s (mainly hover- and blowflies) also visit a|>|>le 
flowt*is. shown wherever the (Millinating guild has lK*t*n 
thoroughly invt*stigated. Studies in Kngland and Canada 
>how flie*seaiTV aliout lOOf the* (Nillen eaiTic'd h\ lM*eson 
the *ir I KM lie's. Klie*s mav act its {NMH.'<ii(i{)lc‘menUux {M>llinatcHs 
ill the* absc’iiee of hc*es. as the author has obsene^d on 
Chatham Island. 

€• }iaiv€U*€*a€» (2.000 simtu's. HH getura} 

Cottons are* the major malvac‘c*ous cn))i. utili/.ing I of the 
.32 (j<)ss\{fium s{>ecies. KenafT/y/At.srav rannahintis) and 
okra (U. vscuhntiis} have, like cotton, laige flowers and 
c*\trafloral ne'itaric's. He)nc‘vlN*e*s a{))ic‘ar unlikc*lv tube* 
elllcie'iit {Millinatois of kc*nafand okm. 

C .Itvialu* iroo vottoiu 

iMOHsyphitn Mrsuiunu nrf»oii*ii»ii. 

About 30^ of cotton is gnmn in Asia and the Indian 
sulM*online*nt. \2^/c in \lricaand 10^ inSnitli Amc'rica. 
Hie* major c-otton giowingccHmtric*s in the tiojiics an* India. 
Chimu PakisUui, Brazil. Aigt*iUina. Piiraguav. f^pt. Nigeria 
and Sudan. Cotton is a minor sourve of hone*v in St*iu*gal 
and K1 Salvador. {vnMlucing ^i(MX( kg/lieetan*. 

(aitton is self-lc‘ilile but lM*ne*lits Inmi cit>ss-(M>llinalion bv 
inse*cls. Klowcrs last one* dav and U'gin to will in mid- 
aftc*mcK»n. Kac h flowt*r has one floral and femr c*\lranoraI 
nectaries. Nc*clarx*c re*tion is ln*st at 23-3.3'^C: extrafloral 
iu*ctarie*s se*cn*te fbrsc*verdl daysand an*dillicul( for small 
1 m*c*s to Use until the flower withc*is. 'fhe* stigma {)rojc*cts 
2.3 mm U-vond the* slanu*n.s. 

HeMie*vl»ee*s forage* fmm e*\lr<Jloral nectaric*s. whic*h contain 
concenlrale*d ne*e*tar (see Sec*tion 2..3.1) until they are 
draine'd. leaving as fc*w as M eif Ir*<*s visiting the floral 
nc*e*taries. Ikill tvlenlion (fiiiil se‘l)on \sian e-otton flowers 
visited bv honc*vlM*e*s ave*ragc*d ’SlAVl^/c.T'AWf lor.*M>litarv 
1m*c*> of similar size, and 30^ for se*ll-{K)lliiiatc*d llowc*i-s. 
Ill the ISA the highc*sl yields were obtaine*i] wlu‘ii one 
honevlM*e was {m*sc*nl {H*reach 100 Bowel's. In addition, 
there was a .3(M)C^’ increase in yield of hybrid seed 
cotton with U) heme*yhc*e colonies/lie*ctaie (com{>ar(*d to 
no hom*ybee hives {m*sc*nt). llonevlK*t*s usually prefc*r 
nectar from the male-sterile ({M»lleii-less) flowers. In 


of Cntiitait'tf in fly Tropivs 


Kun)|>e. ()..V 12 ,.’> cnlonitWliecliire iire nH-omniernleil for 

In I’iikistaiumd In<lia..l/>w dorsata. XyliH-tiiMi, Anlfutphora 
ronfks4t. \. t/ttatlrija'iciala. Me^aviule mimtiada, ai«! sctJiMi 
\viL'*j»s an* iixonknl as llw nuiiu |M>llinalors or(‘<»lton (lowers. 
1lu* llowets aiv also sisilcd hy \pls jlotva uliu li ma\ lie 
less ellectivt* |M)llinators due to llieir smaller size, and 
Andn'na ilenhu (Atclu)x\s. HalirUv^. \<}nuidiL \oniUL Pilhitis 
smant^didu, and XytiHOjHi. In K^>pl. \VAky>/w iml)es(vns 
and .SfW/V/. and in Notlli Anienca solilaiy lK*es, l/e//\sWe.v. 
and seoliid wasps. Klis f>fitmiiH\s always \isil the lloral 
n(H tari(‘s and their IhkIu’s lK‘coine (IusUhI with |H)llen. 

HuinhleU*<*s aii<l pntUihly earj>enterl>ef's aivronsi<leral)ly 
more elTeetive )M>llinalois than ollie*r I»ees. I>eeaus<* they 
usually visit the floral mniary and loueli Uilh (he stamens 
and stigma (luring (draginji. In the I SA. a bumhiehee 
a\erage<l 1 .2 flow»*r visits/plant and in 9 horn's |>otentially 
\isiled 1.700-2.7.^0 flttwers. 

I>. Ulini'CMlc* (2^/()si>eiifs. 12 fsaura^ 

9* or iiaxn fJiiiiiii 

ifxila <ix5ritimiii. 

The plants are ^lown lor oil and lins<'ed fihn*. Soni(> 28- 
XWf of (he world erop is gn>wn in India and Bangludt^sh. 
13-l.39f in AiTtentiiia. 2-49^ inCliinaarul l-39f^ in Afric a, 
mainly in Kthiopia. 

Tlu‘eioj)s llower in summer for several weeks, but the |M*ak 
cM'eurs alter tin* fust week. A eit»p can pnidiica* dens<‘ 
n<»wersaiid plant density is uplteWKVm^. In most eultivais 
tli<* anthers an^ level w itli the slipna. but some have a lower 
or higher stipna. I .inseed is self-leitile iind sell-|)olIinated. 
At least eniss-|H)llina(i(Hi (K'eiii's. nolal>ly in viuielit's 
with the* longest stigmas, and the larger lloweringeullivars. 

(^ige stiwlies with honeyl)e«*s in USA. ( k*nnany iuid KnglaiHl 
did iK»t regjs 4 er iiHTCiWxl y ields, unlike Kgyplian and Russian 
studies that ihelii<h*d oj>en j>lols and mentioned 22 ~kW 
ineneases in si'ed weight using t¥)iliiuiling hontwliet^s. lliese 
diHeit'rrt n>ulls (*ould In* |>iutiy due to diileiviit eiiltivars. 
lloiuwiN'es visit liiise<*d iik>s( intensively in the morning for 
ImMIi neetarand (Millen. Most workers stand on the* |M*tals. 
which an* pniiu* to dnrppiiigc^. and pnrlM* (he llower fitmi 
the lop. Semie workers eling to tin* stalk and pidbe 
iN'lween fN'Ials, hut may still i-ause sculling as they shake 
the flowei. Liiiseetl is a major hoiK*y souive in Mo/arnbique 
and a major [xillen s^Hiive in Kgy jrt. It is a medium honey 
and |x»llen souive in Aigeiiliiia and Mexico, and emfrs may 
yiedd a nxxlest 2-12 kg/lM*etaiv of honey. 

Short- and nKMiium-tongueui gen<*ralist H. trrrestris, ii. 
hirornm. H. /apidariiLs and H. niderarius in KurojH* <»r 
New /(*aland are the more common visitois. In Kygpt. 
the bees \udrf*iut fiseudnorulatn, Andrena >/>/>. , 
Xyloropa aestuans, Chalirodifma sfciild, Tetralonia, 
Anlhitfdiora, and the wasps Crsptocheilm disndor. 


PhifanduLs (dtdclkar. I*olistes fiidhca. and lev/xi orienl(dis 
visit the flowers, as do butterilies. flies ami beetles. 

E. MAUawa^ iUOOsfterks. 90f:enfrai 

iOm Oflioti* /Iffiicin oopti* tttihallol. 

/I. axoaloitirtuft. spring onions^ 

.1* iisUtiosutnm iook^ . t. pitman^ gariUu 

.!• tvalinitti. efiirc’iv. .1. svh4H»nt9prasunu 

These* an* usimI lor IchkI and «»nion is pnxluee'd thtoughoul 
(he world, (railie atid shallot seldom flower, being 
I m )| xrgaN i 1 v eg« ‘tat i vely . 

Ilie lx*st se<*d yields ol onion aiv up ter I..SIX) kg/lieetaiv 
[rut yi(‘lds of .^X)- 7 (K) kg an* mon* etrmmon. Kaeh flower 
head Irears .i()- 2 .(XK) flowers, and the jxrllen is sluxl in die 
fust 2 1 -. 3 C) h. Ix*f<xv the stigma is nx v|vli\e. ( ^itrss-|X)lliniili««i 
is (Mily needexi lor plants usexl in hybrid sexxl pnxluetion. 
Vp to 9A7c of the flowei-s pnxIiK e seexls. In the I SA, 
honeylxx*s ajveonsidenxlc'ssentialfirrjxrllinalion of hybrid 
enrjrs. Ixit the eiratie* use* of onion flowers by the lives has 
made it necessary to stock them at exceptionally high 
imnilx'iy. — 10-.30 colonitWIuxiaix*. 

Onion is |N)llinat(xl by W't's aiul generalist flower-visiting 
iiLsex ts, notably flies, with 2 f )7 s|xx ies lx*itig leeonled fnHii 
eidps in midweslern US A. Shallot flowers can Ire c|uite 
attractive to hotieylrees and bumbleliees. In India. Apis 
dttrsata. A. JJotvu and Trif^ona iridifH’nnis wen* the most 
coniiiKHi visitors to onion flowers and Trigona worktxi (he 
flowcMs at alxHit half the rale ol the honey lxx*s. 

K i mbt*Uii€*rat* iSjMH) siM^ ies. grnrra } 

1 lie flowers of Umlx*IIilerae and u()right (>om|x»sitae have* 
extensive flat {ilalfoniis and shallow Ilowe*is lliat allow in.sex*t 
v isitors to walk. lhen‘l)v ex-onomizingon ei«*i'g\ e\(x*nded 
wh(*n not much mx tar is avuilahh*. Umlx'lliferae include 
nine* sjiecies of vegelaliles. heiiis and spitx*s a> follows: 
anise (PimpimdUi amsum}^ cer«*lac <ir celeiT iApium 
gravvnlens). chen il (Anthriscus cerefolittm). eoriander 
(Cnriaruintm sativum K dill tAnelhum gratvolem), fennel 
( FfHmindum ndgartA* |>arsley ( Petrmelium rrispidum), 
\ynvsm\i ( Pdstiuara sativa), but carrots (Daurus amHa } nn‘ 
the most im]X)rtani (x>smo[x)li(an s|ieei(*s. 

1 1. CarmU iHnu^ts c*arola. 

(hirrol is the most important cultivated umbellifer 
s{)e< ies and must be cross-[H)llinated. Its flowers are 
maitdy ust»d for |iollen by honeybees. The crops are in 
flower for about lour weeks. Uach white flower remains 
open at least a few days anti flowering within a flower 
head lasts for U[> to seven days. 4 'he flowt*rs have the 
reputation of lM*ing a good honey source but 
(]uantification of yield is diffit ull. dm* to (he limited 
areas (‘ullivat<*d for seed pnxluetion. 

Uarrot .>it*ed crojis aiv mainly |H>llinated by honeybees, 
with nosIcK'king ralescalculaletl thus far. Pollen (xillecling 
lx*es of male-sterile lines carry alxuit UWc of the |H>llen 
(‘ompanxi to m*ctar e«‘l'«' * ««n male-feiiile flowers. 
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Maximum s^hhI pitHlurtinn is a<'liir\(Hl willi 10 Ikmk'vIkhs 
|HTS(| uaiv meler. Pollinalinii iiK rviL*^ vielil anil evenness 
of seetl size. In India, yields have Ijeen luo lo five limes 
higher in o|ien-|)nilinat<*d floueis than (host* in eaged plots. 
In the I SA, fi()0 kgs<*e<l/lit*clait‘ has Ixvn pnNlnct'il using 
h<meyU*es in eaged plots. 

In Kyg|»(, \nilutplu>ra were ahundani as ihe h<»ne\lM'e on 
earn)! flowers. In die I SA, 33 1 inseel s|M*eies, mainly 
l)ees {Andnuia. Htflidus. Chloraliilns, CoHeics). spheeid. 
vespid. pompilid and iehiieiimonid wasps lOrrerm. 
IJndenius, Aixso. Ph'dauthus. Strliphnm). ami syii»hid. 
lK)ml»\liid. sareophaghl. siraliotnvid and taehinid flies 
(Syrilta. Tuhijcra. Eulalia. SlnUiomys). visiteil (lowers, 
(iiiats and midges help {Killinate eairol flowers. 

ft. f.'iJMM/ si)rd(‘s. lOOfirnrraf 

Over .523 spt*eies of gum trees. Eiiralyplus. exist in 
Australia and Indonesia. \\ Idle lords alone are not 
ex<'liisive |M)liinators of <‘u<-alypUis. lliev eoiilrilmti' lo 
pollination of ahout half th<‘ spe( i<s%. and an* tin* main 
IKillinaloiN of |)erha|>s 'l^k. Nearly 200s|M*eies are gnown 
on 3.4 million heetares elsewhere, from highland 
tem|K‘rate to lro[)i<*al elimates in Africa. Siutli and North 
Amenea and tiu* Indian siilM'ontineiit. pninanlv for timlM*r 
and Hrewooil with added value as windlm'aks. shadt*. 
erosion control, livestock foilder. and het* forage. 
dejMMiding on the sp<*eies. Insect visiloi*s of tin* o]M‘I 1 
hriish-eup (lowers include honevhees. slingless liees. 
solilan l)ees, and hinls. At least 2()s|H'ciesaie recognized 
as ini|MHlanl soim'es of nectar or fMdlen for honeyliees. 
A numher of eucalyptus are rmonmu'iulfnl for planting 
as l>ee forage in the tropics and suhtnipics in Alriea. 
Smth America, and India. This suggests that honeyU'es 
visit their flowers Itx^elv. hut we still do not know how 
well llie luineyliee pollinates these flovveis. 

Honevliees. slingless liees and oilier liees aie lM*lieved to 
lie effective |K)llinatois of s|>e<'ies witli smaller flowers, 
such as Eucalyplu.s melfiodora. (see Ap|M‘tidi\ ll. Hirds 



(iiiuva • l*sulium 


anil some of the laiger lx*es an* likely to Ih* more ini|iortan( 
in the |N)llinatioii ofgiini s|xn-ii*s K.fivijolia. E. aisiijilnlla. 
E. atsmaplfvlla, E. niacnH ariHi. E. sidcraxyfon and E. 
leura.wion which have* laiger ird or yellow (lowers, and 
those with little st ent and large n«*ctar vo1iiiik*>. 

(doves \S\ 2 yf!iitm <in>matiatm f. guava (Esidium giiajaia}. 
and allspice {Eimenta (lioira) an* slinilis or trees with 
V(‘llow to white floweis. Bees aixl other insects v isil clove 
and guava dowel's, which aie a hit smaller and lack ifie 
led of l•’ei joa. which implies that the Ik*c and other insect 
visitoi-s aiv pmhahly mon* eflW tive poilinalois than (or 
(eijoiis and the laigt* gum floweis. The larger floweis of 
allspice 4'ould limit theenecliveiiessof some iiised visitors. 
.Sicli pn*<lictions neetl to Ih* venfietl hv nnne definitive 
studies on the [H>llination ol these cio|>s. which have so 
(ar receivetl little attention. 

12 * fVijcMi* .vofloiHcfiicf. 

riiis s|H*cu*s comes InHn southern Brazil and L mguav. 
wh(*n*l1owcisarevisil4‘dat l(*ast hv hiimhk’Uts. (‘ar)Niiler 
lH*es. and hinls. Feigui floweis in the earlv summer. The 
stigma of each flower pmlmdes hv alKUil 9 mm fmm (lie 
ring of stamens. \\ ithcniss-jmllinalion. BBV^ ofthe (lowers 
s(‘t fniit. wliH'h was2.,5 limes tia* h'V<‘l for sell-|H»llinalt'4l 
dowels, hiiiit and pulp w<‘ight of (‘mss-pollinatcil flowers 
w4*iv 2(XKKK)^ higlierthans(*l((*d (lowers aiH I fniit nialiiritv 
was n*diiceil hv M |1() days) in tin* *’ \|Mrllo“ niltivar. 

In Italy. New A*alan<l. Ja]ran.and the L.SA the larger insect 
visitois that can at least inlennittently transfer pollen 
iiK'lude honev hees. Eolistrs wasps. liumhlelM*es and 
caiiH*nter Ih*cs. Snialh*r iialictid U-es. ants and hmghorn 
lH*i‘tles mav just collect |M>Ile*n or chew the jM*tals without 
a(‘4-omplishing |>ollination. The laig<‘r hlackhirds. Tardus 
merula ami mvnahs. \(ruHhhfrcs Iristis approac h the 
flower fmm the |o[). (*onsimie the ivd petals, and de(H»sit 
.5-10 times as much |H»llen on the stigma as li(nieylKH*>. 
Knnn .30 to .50^ of flowers (omied fniit aftt*r mu* visit. 
However, hlackhinls appan*ntlv lend io work tin- maigins 
of crops from shelter Imlts near tlu*ir m*sts. hecaus** 
signil'u antly less fruit wasx‘l in lla* middle of laigi'r hlcn ks 
(0..V0.7 iHvtansfof feijoa. 1lu* smalk'r silver eye, /o.s7eny« 
laferalis a|^imiK‘h(*d (mm lielow. s«*ldom touched the stigma 
and dc|Mrsiied only 2M as much |Milleri on the stigma as 
honey|H*t*s. lliis was not enough lo initiate fniit ionnation. 
In the L S \. iiKK’kinghinls. Mimas poiy^lattis visited the 
dowels, hut their eflectiveness in )M)llinalioii has not U'cn 
investigated. In two oivlianls and an «‘ih‘Iosuiv wlieie hinls 
ilid not visit the flowers. 0 and 395' set fruit, ccmipaivd to 
25-349'f (or hami pollination. Iloneyl>ees approai hed 
the (Imverfrom ihecoim l angle*, hut ty[)ically they visited 
older flowers with avaihihle |H>llen. when* tin* stigma was 
no longt*r ivce|)live. lloneylH*es visil<*d an av<*rage o( 13 
dowel's [)er plant (alMuit 10 linu*> more* than hlackhinls) 
lM‘(ore moving to the m*xt one. ami iioiu* of 1.5 (lowi*is 
V isitc'd foniied fruit. I'hus in efl(*ct. honevlM’c's t(*nd to act 
as |Mrih*n lhiev(*s for this (*rop. 
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Keijoa flowers were ima!traclive to lioneyl)ees rotiipai'tMl 
to siint)iiiKling clovers. Eucahpfus. \er-l)ascum. Ruhits 
aiui (Aims. Tilt* same was true for l)iiml)lel)ces witli 
sunnouer, while clover and lucerne*. (^arjxmUT l)Cf*s and 
e|ueen luitnijiehees were* like-ly to he* more* e(f«*ctive 
|M)ilinators than honevl)ees. |m>\ ideel ilu*v \isiU‘d \oun^T 
flowers, l>ecause these hees should nioiv reuilily e'ontacl 
the stigma. Slen’king orchanls of feijoa with honeyl»ees 
has lillle to recoinmeml it unless more effee tive 
jxdlinators are scarce*. 

If. I320s(tedt'.'i. 4 genera ) 

f .7* KiH*i|rtiil« Irliiiidin d<»liri05f<i. 

'Hie kiwifniit is one of at least f)0 \elinulia s|>ecies fn»m 
China. Korea. .|a|um and Taiwan. Kiwifmit is now wielelv 
grown in subtropical and milder tenit>erale regions, but it 
does re*(|uire some winter chilling. A kiwifmit orchard 
flowe*rs for lO-IB elays at the end of spring, when eai h 
male fIow«*rsh<*<ls jKillen for 2-3 days afle*rojK*ning: female 
flowe*rs rvmain altnu tivelol>e*e*sfor.5<»f the 7-9 days lhe*y 
can remain receptive. Kiwifmit represents dislinclive 
|M)llination feciturescom|Kired to most oilier <*n>ps. Klow<*rs 
are |M)llinateel by a (‘ombinalion of in.sects and wind, as 
ait* ch(*slnuts fCaslanca) certain willows iSalixl useel for 
windbreaks and erosion control, and grapes iMtis}. 

Male and female kiwifmit flowers ait* on s**|wrale \ines, 
there is no iK*(*tar. and fi’inale flowt*rs hav<* im iiJ>le |)ollen. 
Female flowers have stigmas but atv .so large that 

even buinbleliee queens may forage for |K>lleii around 
the stamens with little (tmtaci ol the stigma. Mxml 2(K) 
s<*<*ds art* m*<*ded for the fmit to fonn. Hie [irefeneil fniit. 
93-1 10 g in size, contains *XK)-I. UM) s<*eds. 

In Nt*w Z(*alaiHl. five hon«‘\l»ee hi\es |>er hectaie on avera^ 
art* inlmduc(*<l to kiwifniit orchanls. Kain may reduce 
|)ollen collection to h*ss than 'MY/f of nonnal levels. In 
Italy and New Zealand, kiwifmit accounted lor 5-26^ ol 
the )K>llencolh*(‘U*<l by intnKliict*<l honeylM*(* coloni(*s. but 
the |ien‘entag(*of kiwilmit |M)ilen was nt'arly doubled wli<*n 
colonies were feet I sugiir syrup. Tin* main coinj>t‘ting|>ollens 
were slrawl>en*\ atul white clo\er, hoiie\ suckle, cilms, 
Hra.ssica, tNipfw. onion. as|iaragus anti, towanls the end of 
flowering, vijiers bugloss. 

Twenty-six |w*rcent ol kiwifmit flowers ex|M»se<l to a single 
visit by honeybees produced a minimum-sized |72 g) 
toinmcirial fitiiL anti \V7c a size at Iciist as liugt*as a prefenetl 
fmit. Iliis imjilies that at least four visits to a female flttwer 
wt*n* nettled to pnKliict* a higli pn)|M)ilion of ex|)oTl (jualily 
fruit. Most kiwifmit jxillen at ctMiimen ial sltt king rales has 
lieeii galhentl b\ mitldav. Therefoiv most lmneylxt*s foragt* 
fbr3.0-l.5 hours tiaih on kiwifmit. during which limt* 7 UF 
I.I20 lloweisctHild lie visiletl. Kiwifmit oivluinls liaveamutMl 
.3(X) females flowei*s jier vine. An eslimaletl of two or three 
lKHie\Ut*s )iertwofenuile vines are neetletl ItrefTecI adet|uale 
|M>llination. vvhit'h agitx*s with iht* initial studit*s on fmit 
formation and Ixt* dt*nsitit*s |K*r \ ine. 


Humbleliees, particularlv the huger ijueens.aie alMHil 10- 
15 times iiHHe effective |»er l)ee than htmeyliees. Ferguson 
and Pusch found that bumblel)tt*s de|K>sited seven limes 
moie viable |M>llen than honeybt*es {per visit) and yields 
mse wht*n bumbleiMt* mimU'rs increa'ittl tm the flowers, 
riic working rale and ability Itr forage under ctuder 
conditions means that tfuttMi.s. in [>arti(*ular. (*an \ isit alxHit 
twice as man\ floweis |M*r day as the honeyUfs — pmvidttl 
that |Hillen is not deplelctl. In addition. th«* alternative 
flowers were less ini|)oi1anl coni|>elitois for their visits. 
Bumblebees have been usetl to a limited extent 
commen'ially for kiwifmit |M)llinalion in New Zealand and 
are being used for pollination of kiwifmit in Kun>pe. 

Kiwifmit flowers are an altmctive |N)lleii soim'e fordiiinial 
and nocturnal in.sects, evident by the over 1 50 sjiecies 
fouiHl on flowers among the siruill floral visitor fauna native 
to New Zealand. Hmerflies aiul solitarv gmund-riesling 
l)e<*s. Ijehimx tiLs were the other common, huger and active 
flower visitors. Hie flit*s t*arri<*d only 109^ the amount of 
|M)llen that solitaiy lM*t*sc‘am(*<lon tlu*ir iKMlics. In China. 
bumblelx*es. and appau'iitly (*ar|M*nter and meguchilid 
l»ees in addition to honeyliees forage on the flowers. In 
wild kiwifmit |M»pulalions wind may well have acte<l as 
the basic bar kgumiirl |Mi]linatiiig agent that ensurerl fmit 
.st*| on all but the plants m<»sl n*mote fnini a male vine. 
Ins«*(*ts, primarily siM*ial and solitary lH*es. carrit*d jx)lh*n 
to the more n*mole female plants. 

f* (700 sfm ies. 12 general 

I I. Yilix wpp. 

The Kum|H*an gru|>e, 1. rinijera has generally l>een bied 
to l)e self-feilile (self-|M)llinating). while American gra|ie, 
1. munsoniana ranges from self-feilile to s<*lf-sterile. and 
varieties of the muscadine grdjx*. 1. rolttnulifolia are self- 
sterile. (#rafK*s are often thought to Im* wind-|M)llinated. 
but their de|H*ndeii(*e on wind-|)ollination has not lieen 
im Instigated as ihorxmghly as kiwifmit and other s|Kx*ies. 
(ira|M* flowers are generally unallraclive to lM*es and other 
flowi*i-visiling in.sects. The flowers pnMiuce little nectar 
and. despite tin*ir e\t(*nsive production, are not a 
signifii'aiil m'ctar sourc*e for honey bc«*s anywlu*i'(* in lh<* 
world. Be(*ommeiidalions for |M»llination an* 2-.5 hives/2 
hectares. 

(drapes are more important as a source of pollen for 
lioneyl>ees. W hen other flowers were scan*e in Russia. 
WI-BW of the pollen gathered int(» hives was from 
graj)es. Iml this is an exc eptional lev»*l of jxilleii colhx tion. 
\V ilh some grj|»e varieties. Kus.siaii studies have claimed 
yield increases of23-.54% with a maximum impnnemenl 
when honeyl)e<‘s were fed sugar. 

Jm ( 19,000 sfH'des. 650 genera I 

The four legume cn)|»s chos«*n for ivview aiv herl>s that 
pnHim e Ixith jxillen and neiiarfor insec t v isitors, \vailable 
.simmiaries on |N>llination. the slmclun* and res|M>nse of 
the flowers to v isitors and the im|N)rtanct*as nec*tarsoun*es 
for honeyl)e<*s. taken together, demoiislrale llial honey frees 
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aiv sali>lm lon |N>lliiiatoiv of Jivloil- {htlus. h'siHuieza). 
sut't't rlo\eis ( MrlHiHnsf. atni sanfoiii lOtutltnrhLs ririfi>liaL 
Kim>|M‘an and Canadian aiiaUsis o\ Hinuhu.s. diiXM-t 
ol)S(’i'\a(ions of<*ight lc*guin«* >|H*ci<*s in IVnnuu'k. and tlw* 
aiilliors ol>smah«)ns in Nrw / 4 ‘ahmd and (ianada slmws 
I shoil-lon*nif"d H. h*invsfri.s. H. lumrum. and H. Urrivola 
iiK'lude /»/«.s as a la\on*<l [xilKni and iM*<iarsmm f'. SwtxH 
clovt^r is also a fa\oivd nocUir hhih o. Coiuoim^In. >oiiu* 
of llw* \c*u li siK^t'H's / 1 icitifiiivl fVfdiiMin^ |x*aN 
ail* ra>oii‘<i In Iniigrr-ton^tHHl l)iinil)lcU‘t'> ofKumiM* and 
Noilii \nHMira. Mtrst lrni|Na'ato/i>n(*NUHlioor[N)liinalion 
in lejninies lui\e liule |•ole\am•e to in)|)M'al If^piine cn>|»s. 
lM*raiis«' lh(‘ major tropical I(mm! cn»|)s aiv s<‘If-|Millinalin‘; 
{Ap|N*ndi\ I). 


/Vio.scr>/a.v. At least attempts at 
cultivation have l>een made with 
most of these j;enera, hut itisfia. 
Srhizolohiiim. Knirntlnhittm. 
Tiimtwa and Sttmanen have 
harelv ^onel^evoiai liM-al Inals, 
despite their rapid |!;mwth and 
valuable v\(nmI. ( )f tliecultivahMl 
plants, sissoo Dalln'r^ia sUstn) 
(India and f’akistan). Imma 
locust, (flt'tlilsia tricanthfts 
(Pakistan. South Africa) 
hiacatin^i z Mimosa srahn^lla — 
lh«i/il). mund*leav(‘<l hliNMlwiMKl 
f l*lcnH'ar{ms rolandifolius — 
Vhtzain-hHjue.Smth Alrical and 
tipa (Ttf)uana ti/ni — Bolivia) 
are rated as im)Nirtanl honev 
soim-es. 1'hus they are likelv to 
he visited often h\ li<aieyU*«*s. 
(amiral American studies <»f 
pollination on Cassi<i and C(H'hlosfH‘rmtan showni that 
some 4»f the tree legunu's aiv |M>llen-ri(*h flmvi^rs that an* 
hu/.z |«tlliiiaU*d hv O’nlris and Tlu* principles 

derivt*d fnmi |K>llination of tem|x*rate lepinu‘s seem to 
have till* ^tniUNt {Mitiailial application for stndii's of ln*<‘ 
( ivps in lh«* liopics. which ar»‘ in net'll <»f much n’s4*an*h 
efioil to pla< e tlM*m on a [uir with heH)ac«'4»us species. 

f.*^ vlovi*t\ THfoflinii This 

heri) is mainlv umhI in t«*m|)eial4* n‘pons hut grows well in 
siihtn>pical ('liinato. \\ hit<* clovtT is ot |Mtlicular value in 
well-stix*ked juistures. wliere its stolons enable it to survive 
iviwaUtl heavv gnizing. \\ liite clover and otlwr legnnu's 
hav4* higlnlig4*stihilitv and pmt<*in ftn gni/* ts. \\ hit4*4*lov»T 



Miino'sii i*«no lc*;!iiine - Minutsu 


In the tropical and subtropical 
savannas and 4K*s4'rtsof the I S A and 
South America, bee species with 
generalized fiMnl sources lorm a 
<*ommon group ol iiis»*ci visitors on 
h'giiminoiis tn^es. riiis afiplies at least 
to the mes({uiles. algarn»Ui. tamanigo 
iProsopis). to nectar-lM‘aring watth* 

( \vadai in Australia, tin* Amerii as. 

Africa and Asia, ami tamarimi 
(Tamaritulus indiroK Inlonnation on 
luHievI)e«^ f«)mg«‘ in Australia and olhe*r 
patls of the worhl shows that some ol 
tin* wiilespiva^l \racia mainly viehl 
|M)||en an<l little or no nt'i'tar from lh«* 
flowers. Other regionallv impoiiani 
miiltiple-pui*()ose. livesl(M*k h>rage. 
timlxT and eit)sion coniml lnH‘s or shnilis aiv the genera 
Mhizia. Cassia |imw Senna in larg** paii| Crralonia. 
Cttrd(Uinxia. Dalherfiia. Desmodinm. Enlero-hdnuin, 
Cledifsia. hUsia, Irni-aeiui. Mimosa. Plrnx'arjms. Samanea. 
Srhizidohium. Si^shania. Vpuana or i n^jters or shrubs. 


also has a higli ca|Kicity to increast* stiil nitrogen levels, 
(imps can piiMim e 320-520 million llowiTs/hei-tan'. 

Observations 011 while clover in the field on Cha-lham 
islanil show<*d lhal seeil is mit l<inne<l in the absenct* ol 
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Ininihh^lHM^s orsolilan Ih"** )N)lliiiuloix which 
('onnnii> Mudics in cages. \\ liitc clover llowei's Inmi late 
spiing until autumn. (i(*f)en4lingoii wlu*n it is gni/tHl. W hit<‘ 
f'loNer is an iiii|>orlant lmin*N s<mrcc in (ihina. Iran. 
Colomhia. Kciiador. Argentina anil parlN of Dra/il. wliile 
it is a m i nr >r source in Algeria. I^ehanon and the Azravs. 
Crrrps usnallv pnalin-e 1()0-2(MI kg Inmev/her taie. 

W hite clovtT llrrwers art* ihrcr* to four nim dti‘p and (*an 
readily Im* [M)llinat(*d hy honrw |M‘(‘^^ ami shoil-tmigiu'd 
l>ees. Sect! yiehls ol T. re/Aeu.v can l>e incivased 2(KM()(K^ 
when cnjps are sUnked with hoiie\hee>. Abundance of 
all |M)IIinating l>et*s is low on white clover flowei-s at less 
than Ut aust* mu tar stn ivtion ceasr*s at alxnit this 

lem|H*rature. Honevlx-es are nrninally effc< ti\e in wliite 
clover |H)llination. \o l>eriellt nia\ accrue from having 
ni(»re than 1.2 honevU^s/ni“ — uiiles.s the cn»p lloweis 
(>n)lusely. i.e. biO million llowers/liectare. In this case 
.5.f)-().0 honeybees/ni" may be needrMl. I nrler field 
conditions 2..A-.A.0 honev bees/ 1.000 llowei's can cause 
set*il-set of 85-O.A^. One Irr three coloiiies/liectaiv are 
recrmimended. Lsually there is little neetl tri use other 
ixdlinatom. However, alternative (Killiiialors can provide 
backu)) )x»lliiiation under adverse weather, on smaller 
cn)(w. and in |)aslures umleivtrx ktMl with honeyU*e>jh‘ss 
than om* hive |«*r .A(K) hat. Kim)|x*an and New /r*aland 
studies show (hat other [Millinators inclmle/^. irrresirU, H. 
hu'onuu. H. liipidarius. MeliUa leporina. \nlhidiitm 
pumi(itum.ii\n\ prt*sumablv Andrcna in ulata. A. laltialis. 
Kiuvra ton^ii amis, and A,’, rhjtcatfi. Ifomims liuontm and 
fi. lern‘stris art* ustdul for (xdlination of bn*eding lint*s in 
screen cages. 

tU, tU*rs€*i*nu Kgupiian ciovon 
THfofiiiiii 

lliis forage cioji is us«*d mon* in drier and wanner climates. 
Bei>eem clover is im|x»r1anl in in>rllieni Africa, the Mnldle 
Ka>l. Pakistan and India. Tlie flower is 7-8 mm deep and 
may remain receptive for 10-12 days. Crops flower for 
s<*veral weeks in summer. How4*rheads can st*t over 70 
s<*e<ls/liead and cn»j>s cun piiKluct* up to ()(K) kg/lu*ctaiv 
ofs4^l. ComiKirisonsofc^igfnl and o|hmi plots dem<»nslmlt> 
the nml forcn>ss-|Millinallon. llerM-em cn>|is are n*fMHled 
to Ik* visited avidly for ne< tar ami jK)llen bv honeyliees. 
|{erst*em clover is rated as an ini|K>rtaiit s(Hin e for lionev 
ill the Nile. Indus and (Ganges plains. Pollen trapping in 
the Nile valley conflmis the im[M)rlaiU'e olT lierseein as a 
|K»llen souive. For maximum setnl-sel. 2- f lKMieylK*es/in“’ 
ait'ikvim**! atl<*(|uat(*. In India. lpiAr/or.vo/o and \. (vnnui 
w«‘h* tin* commonest visitois. but the small hom*vb(*e I. 
floren only use<l the (low<‘|-s when Ix'isciMn nectar was 
plentiful, riu* crop d(M*s not have a signilicantly higher 
flower deiisitv than white (‘lover and pivsents no pniblems 
for honeylMK* [K>llination. Om* to tlm*e colonies/litH tan* 
should pmv ide salisfaclorv |K)llinalion. 

In Kygpl. an alkali bee. \o/«m unidrntala includes 
lM*eiseein clover in its fiKx! soun es. while (JmdiaHloma 


niurtfrea. (hmia latrielli and Andrcna onilata are 
considered valuable |K>lliiiators. Anlfddium. \ndrena, 
Osmia im\ v isit(*d llu* llowcts and pmUililv havt* 

long (‘iKKigh tongues to elTect |Killination. This should i>e 
verified. Invause the l^ehaviour of these (Millinators and 
Hfiliclus on the cm|) has not l>een studied. 

17* alfalfa. lfc*dic-ai|o .<wilic*a. 

This highiv productive hay and pastoral (‘ro)> is mon* 
dioiight n**<istant than the clov(*is. riu* inauv<* to \<‘llow- 
stivaked floweis havecomlhis aliout f mm deejiaiKl flower 
during summer. Cm()s mav (mKluce 0.1 to 0.2 million 
flowers/iii“ over the 4-0 week lloweriiig (leriod. I iider 
favorabh* conditions liic(‘nu* is an altrai livi* m*(‘tarsouit e 
for Im*cs ami vields HK)-200 kg honey/lux taiv. Uicerne 
is a major honev soun ein Ai^jeiitina. (ihiiia. \lo/ambu|ue 
and Mexico, but it is a (mmu (Killen soun-e. 

Silitarv bee> regularly lri(> the flovveis and at least 18 
gem*ra have cITicienl (Killinatois. ’fhe luc«‘rne leaf cutter 
lice Mefiftrftdr ntluiuLUa \ni'^ lK*come tin* leavling |Millirialor 
on the American c(Hitim*nt. but it is still much lt*ss ini)M)rtmit 
in KumfM*. Kussia. tlu* MiddK* luH aixl Imlia. Ilie lhn*shold 
for flight is anmnd UrC] ami it onlv fonigt*s fr(*ely over 
20 (7 P(*ri(Kls oi c(M)l weather n‘slrict the (*lh*ctivem*ss of 
this Ik*!*. In Ciuiada, the I SA and New /calami se«*d vields 
of lucerne have U*en incn'as«‘d .700- 1 ( KM to .'>(KM J^K) 
kg/lieclaiv. bv using the lucerne leaf cutter liee. lAicenie 
leal cutter liees have l)een iiitUMluced to Suith America, 
but iiiadtHjuate ste|>s were takiMi to sciven out natural 
(‘iiemies fnim sUx ks im|H>i1(‘d from Noilh America. The 
alkali U'c of tin* I S\, \omia nudatultTi. forages under 
lower temi>eratures and stmiiger winds than the lucerne 
leaf cutler liee. However, the sjiecial ’lietls* iieedtHl for 
nesting in the gmund r<*strict (xdliiiator (daceinent within 
cro|»s. com|)ared to the luc<*rm* leal cutt(*r b<*e. Bee 
abundance of -7.(KKI-().(KK)/hec(are tri()|)ed amund 50^ 
ol flowers and yielded 7(K1-I.|.‘i0k^iectare. IntUMluctions 
have succtHnletl in puKlucing naturalized (K)|>ulations but 
limited management o|)tions in Ntwv /(*aland. The alkali 
b(‘(‘ could Im‘ (»f valm* in luct*ni(* (Millination in |>ui1s of 
soulhwesleni Kiiro|M*. norlheni India. Africa, and S<»uth 
America. Diseases and |)arasiles are relatively scarce 
among tlie lucerne leaf cutler l>ee and the alkali l>ee in 
New Zealand. 

rri()|>ing rates of .70-l(K)9r and faster flower visitation 
mean that many of the solitan l>ees and bumblelK*t‘s an* 
lOtoovtT KM) limes inon‘et1(‘ctiv(‘|]N‘r Im‘c| limn liont*vlM*es 
in Iu4‘cn)c |Nillinali«»n.(‘ven without taking a long<*r working 
day into a(‘c(»iint. In Noilh Anu'riea. unmanaged and 
effective solitan bee pollinat(»rs of lucerne include 
\ndutf^mr(u Osmitt. Me^iuridle, Andmia i>nitKtrtmK 

I. H ilkeUa and Qdfiopsis andrenifonms. In Kuit)p<‘. tia* 
middh* Ka.st and S)uth(*ni Kussia. Hhophdes ramis^ Osmia 
lalwillei Melitta leftorina. SU'liUur^a cl(ina)niis. MrgachUe 
spp. fshoil adidt activ ilv (XTiiKls). Hiuvra lonfpt onm. E. 
ch])cala. E. rinerva (iiu*dium adult a<‘tivity |M*ri(Kls) and 
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lon^ arti\ily) an* tlir major [xillinatin^ U't's. In Fmnci*. 
iiii|)oi1aii( allernali\e |>olIeii sonrres uoro uliiu* riovor. 
rod clov«‘r. and \olch for solilan Hitccra. 

Mflitlurfiti. Mrliilti. Andrciut fahialis. and I. <nitlala. Si. 
Jolins u(Ml. lt\fH>ri< un\ and (ami|M>^itao iiK'liiding hiiiI1o\n<t 
ini|M»i1anl for Rhofthiies ainns aiv lanntnl 

In stH'iiring ((mnI sii[)p}io> and pntttNiin^ llio ^namd nr>I 
siu*s in llio (^m li iv|Hil»lic. Inilial manugomont sliidies 
ha\o In'oti nunl«* on Osmia ftitmllvi in 1 h-c»o1. 

Kim>|M*an. I/i/Ao/^/jorn jHirictuui can U* |uuliall\ inana^tH) 
al m*slir»g silos as a general le*|^imo s<‘o«l jKilIinator. and 
in K>J£|»I iIjo mason l>oo Chnlinultima miiromi is a 
polonlialh domoslicalod s}H*cios for lioitoi climatos. 
Mtsliiini an<l slioiloiMon^mod linmlilolxn^ aiv gonorallN 
moiv onooliv«* |x>llinators ol Inctano. hocaiiso llio\ Irip 
luconio moi'4* consisttmlly and pivlor liiconio moiv llian 
do long4‘r-lon^u‘d spt't'ioi. In India. Mef^tu hile natia and 
M. JhiniM‘s lia\o Ih*oii iis<*d lor }M>llination. Similaii\. in 
S)iilli Afrioa.A vAiro/w and \U‘fi(u hile lia\o Un*n 
U^slod as pohMilial Iin tniio pollinators. In \r^<*ntina. 

hilf i>aHefart(u \ \hMf)jnt tmUiutrut. A. sjtltwlidnhi. 
Mrlissodes nifimarneti and j>ossil)l\ liomhim ruhustus arc 
olHoionl |x»lliiwlors(4 luconio. as artM^ollolHl l)o«*s in (lliilo. 
Noclar-c4)llo< lin^ lnmo\l»oos ainl shortor-lonjiuod 
inimlilohoo s|H*< ios aro largidy inonoclivo poliinaloi's. 
Tlu*so lx*os rapHlI) loam to insert llioii lon^io throii;ifi lln' 
sidooi th(‘ lltmtn and only trip tiu* |N)llinaling nuM-hanism 
a4’4‘i<lontall\. Tin*) trip as litlf* as 0.2-.>.00f of n<ivu*is. 
nilli tho In^lior (lon ontagos in ln)t <lr\ rogioiis. In Now 
/oaland. when* |N»IIinatioii ivliofi largol) on liono\l>o(‘s. 
an uvorago ofjnily 75 kg/lioclaro puMluclion was 
achieved without conln>l of miml hugs. I1iis is ulNiiit .59( 
ol iIh‘ |M)l(‘ntial I..50()-2(NX) kg/litniaio liK'omo \it*ld iiiKk*!' 
ideal con<lttii»ns. 

I’jjllon-foraging Un^s on Income an* low. ln*< auso Iuc4*nn* 
d(K*s not pmduco niiicli fMillon |M*r flower and the |M»llon 
of oilier < n»j»s like mustanl. HrassU a nif'ra is ofleii iihmo 
attractive to hone>hecs. Ih*nce hone\hces are 4nd) 
mo4lerat<'i\ 4*l(4‘4'ti\e f>4)llinat4>rs on large crops in 
Mi'ilitoiraiH'aii 4’limat4*s. whi-iv iIm*ii* is \4*i> little all4*nuitivo 
p4)llen availahle. (!4>morsely. <mi emps that are largel\ 
sened hy l4*ar4 ultorand alkali lM*«si. thf nMiimal of luvtar 
hy lioneyhe4*s nuiy rfMiuce the pmpagaluHi 4»f those Im*4*s 
and thus perhaps als4> r4*dii4 e set'll yields. 

f & Fu*M. Mhu liofc or Iioi*m> 
lirui ktha. 

Iliese iH'ans are the sixth most im|M>ilant world ‘pulse’ 
cmp. Ilie heans remain a stafih* I(mk1 in Arab countries, 
(diina pnMlii(*4*sa)MHil6()0f and Kg\pt aial Ethiopia alxHit 
()^/c of world sup[)ly. M4*\i('o. Moro(*4’o. Hrazil and 
Tunisiai‘a4 h pnNliic4*alM)Ut Wt 4il tln'woHilcrop. In 
(!him*s4* yu'Ids wen* W)^. whih* Kthi4)[)ian to lha/ilian 
yields |.'i5R kg/liectare) were 1 1-25^ ol the U*st Kun>)M*an 
pr4Miii4‘ing 4-ounlries (5.200 kg/ho4 tare|. Aields wiiii 


|x>llinating liees may ivach 4.520 kg/lu'clan*. 

Falki l>ean is partially selling an<) |»iiiliaily outhte4*4ling. 
It n*pn*s4*nts a K'giiiiv 4*mp that fimns S4*e<l nnulily w ithout 
a |MilIinaling l>ee. pniviiled it i trmes fmni cmss*|M>llimited 
S4‘(*d. Plants from seif-|M>llina(4*4l st't^l form \ii1iially no 
S4t*4l nnh'ss the llow4*is an* 4 n»ss-|X)llinale4l. (imps lune 
2(Fii0 plants/mi*ter. .>04i0 Il4)wers/[)lant and 15.5 milium 
Il4»w4*is/liectare at |M\ik lloworing. Roweis 4-aii U* [xillinatt*4l 
for up to six 4la\san<l |M»lleti up to five days old will fertilize 
4W ul(*s. I*l4>wers start to opcm al 12"C and only 4 )|m*ii fieely 
al)4)ve 15 (7 flu* t'Xiralloral neclaiies an*4m tlu* muk'iside 
4»l tlu* stipul4*s. 4ift4*n with dark s|K»ts. In Knglaiul 8-2(F^ 
4»l tl4)W4*rs (»n the lH*tt4'rcro[)s will f4>nn st*ed |kn1s. Cmss- 
p4»llination aifnvs f4)r setting of |kkIs 1ow 4T <ni the stem. 
a4'C4*lerates stating. |mmI nuitiiration anil reihu-es tl)e4lurati4>n 
ol 4 n»p llowc'ringand hantsiling l4»ss4‘s. S'lfmg incmases 
plant loss4*s in winlor-stmn emps. Outcmssingol *iO-U)C^ 
(iiing4* 1-5^1^) apiKin'iUly repn'sonis an 4‘4|uilihriiim aiul 
selfing increases (ni later llcnvers up tlie stem. The 
raiuloiiiness 4>fcn>sshred seeils within [mnIs suggt'sted that, 
in Ktiglatul. (u^A of tlu* flciwi'is wen* \isil4*4l f>\ emss- 
|M>llinaling U'4*s. 

.Smie sh4»il4*r-tongU4*4l humlilelM*4* s|ie4 ies 4)f tfu'siibgenus 
Hamhus. carpenter hoes and apparent l\ scmie ant 
s|M*cies (at least Cata^lyjifm hivolor) make Ii4il4*s al (lie 
Ikist* ol tli4‘ Inoad bean to n»b iie4 Uir. Neclar-i-ollec ling 
iumeyiu'cs use these Imles and subs4*(|uen(ly do not 
(Killina(4‘ the fl44Wors. ITauyvbei's visit tlu* extralTmil 
nectarii's UTore an\ flowers 4»|»en ami 4‘4mtinue (4> use 
extralloral mu taries more iiitensivelv as flowering 
pn)gT4*ss4*s. ll4)neyl)ees4-olh‘Hirigtxillen make (xilliiuiting 
visits inainU as the m*w flowers o|K*n lK*lweeii l5.(K)aml 
U).(X)h. Poll<*ii4‘oll4‘4-(ion (‘an4l(‘clineaft4‘i |M*ak llow4*nng. 
Tlu* daily |N*tveiitage ofliean [Milli'n (‘oll4*ctt*4i in honevliee 
hi\4's ti4*ar the 4*r4»p varic4l dep4*n4ling on 4'4mi|ieting 
4'mps and inheiviit (‘4>l4)ti\ pielen'tit e lorUnin [MilleMi. with 
an a\erage ol aUnil 20*}f (range hi the Nile valley, 

broail bean is a priinarx [udlen source for lumeybees. 
sugg4*stlng th<*n* is are appivc iabh* nuiniK'i's 4»f 4*n4*ctive 
)M>llinating W4)rk4*rs on tlu* (*n>p. Ilap4* is an im{>4»rtanl 
4-4mi|K‘(ing pollen simive lor hoiu*ylH*4*s. 

h)w l4‘m|>4*ratuie dunng Itean [hmeringcan restiicl Ixitli 
foraging b\ honeyliet^s ami the ilmnalum of seed in the 
early llowering <T4>ps ol tein|>erate zones. In Fngland. 
cn)|)s up to tW4) Ii4*clan*s an* 4’onsi4len*4l to have mumgh 
wild |K>ilinal4)is. but cn)ssingdf*crease4l with larger emps 
from 12-52 hectares. Larger crops may neeil 2-5 
4-4)l4Hiies of honeyl>ees/lie« lare for iMilIination. 
Cn>ss-pollina(i4>n at the marginssif fields < an Ih* almost 
twice the hnels within the field, Sl(K*king with h4)m*yl>4*4*s 
can thi*r4‘fore impm\e tlu* ilislribution of yii'ld within 
tlu* cmp. Australian 4*x|H*ri4*nce suggt*sls that cm|>s may 
114)1 mx*il sIcH'king with 4*xtra hoti4'\lM*4*s in a M4*dit4‘rram*an 
4-limate. Uu-ause the llowt'is o(»en in late w inter and earlv 
spring wfien lioneUH^s must sean h for |>ollen. Milder 
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liMiiiK'nitiin's also allou Iioih'nIm'os to Im* nion* rnt*rli\f‘ 
|>ol(inaloi-s. Lm^jt'r-lonjnml l>iiinl»lelK*es. H. nulfmhts. 
H. hortnrum. ii. siihlerraneaus. H. <listinf!uen<lus. If. 
fMisautnim. li. sylnirum. H. lapidariiis (in Kuro[H*>: Ii. 
Ixfmilis. H. H. mfians (in N. AnwHcal. and 

solilan Ih‘o \isil llic rnMii of the ilmxorand [lollinuU*. 
uluMlior or not ilio Ix'an floucM' lias a liolt* inadr at ihr 
Iwsf. Ilu* lallor tinw Kim)|H‘an s|»e<’it"s and H. ruj<Miniin.s 
may sonuMimes use the hole al tlie Iwse of the rondla. 
H(tmhus nuieniliis is the imly >peeie> extendiii" to 
Nh'dilen'anean < liniates in noilli\M*st Alnea aihl siii>tn>|»iral 
eliinates in mhiiIk'iii Kun>|M'and n<alhern Ni'u Zealand. 

Ilie hnifjesMongiied l)Uinl)lel»ees visit the floueis uIkju! 
2.5 times (aster, \xilli other lminl)lel>ees alioul 2 times 
(ilster. i om|Kired to (Mdlinatiiifr lioneyl»ees. \\ itii liomfms 
hortinitm aUml LJM)M llovxeiv could \isiled in a si\- 
lioiir da\. KrnploN in^ this fi^ire. a dc'iisity on the onler of 
one longei'ton^ied Hotnims or thnv to fimi |N>lletH'<»lle(*lin» 
honeyhees (jer scpiare tnelerfgiven the likel\ shoMer 
xNoi-kinp day of Iwmeylx^esl should fully |K)llinate a emp 
with l.k.5 million o|M*n floueis |x*r hectan\ ThU pnxlietion 
nei*ds t<> Im* \4‘nfi<*4l iind(TfK*ld conditums. Amon^at leitsl 
huml)lel)ee s))ecies fn»in Centnd and South Amenea 
of the suhjjenus Ferndofunnhus. ami suhjjenera 
ThorarolMnnhtt.'i anil Mf^fialtomhus from tih* midille «‘ast 
to Asia, iiHtst ha\e lon^ies that are lon^ einni|!:h to j>eniiit 
eflWiive |M»llinalion of falw l>ean. Queens of R luvomm 
and H. l<*m\sfris haxt* long ton^ies. thus at the lM*^inning 
of lloui'i'in^lhe U*an f1(»\x<*isan‘ not pum-eil hy th(*m. and 
even the slK^rter-ton^iaxI siM-^ iesi an U'elh-ctixe |N)llinatois. 
lUimhlehees forape at lem[)eratiires as low as lO' C. 
However. Iem|>eratures above l.>°C and m more than 
li^ht winds fav(»r forapng an<l nectar secn*t ion. 

In Kyppt, huijs-tonpieil Anthophora seuesrrns and \. 
acf!ypti(ua weie common |M)llinators; the 4-mp was also 
\isite«l l)\ \ndnwi i>nilaUiJIsnii(i suhmiaim.iml Tetrultmia 
lanuf^iuosu. Kelaled solitarv Ixtsi in fVam*e |M»llinateil the 
flow el's only slijdilly faster than honeyliees. \lalecar|M*nter 
lxx*s XyliM’ojMt (tesliums make a hol(‘ at the luist' of the 
l1ow4‘i to obtain nectar. Hu*) an* not (*n4*4-tiv(* |N»|]inatois 
of faba U'an. 

f 9« H<*cf rfor<*n Wilofiiciit prcttfenxc*. 

This ^|)ecies is a perennial legume with high yield in 
temperate to subtn>pical climates having a reasonably 
assureii annual rainlalt above OfM) mm. Ke<i chner is 
mainly used for(*altle foragean4lasa<'om|H>nenl in dairv 
ixislures. It averag«*s l(KM20llowers/novvei'liead (raceme). 
Ilie flovv(*iv havt* a sK'ihIi*!' tuIx^fk-IO mm long. de)x*nding 
on wlietlM‘ 1 ' it is a di|)loi<t or t(‘tra[)loid varit*ty. Av<‘rag(* 
to e\(‘4‘llent crops prodiu*e 2-1 million floW4*ring 
ra<*enu*s/lie< tare dunng the (x\ik Jif flowenng — 

7.2()0 now«*rs/m” n<'4*4l |Hillinating «*ach dav. Ifcn»|>s are 
not cut or gra/e<l, thev flower in early summer for kaiger 
(alMMit K-IO W4*<‘ks) than < n>|>s that were uscxi lor f(Nid<*r 
( f-fl vuvks flowering), (imps that lK‘gin flowt'iing alNiiit 


midsummer normallv liav«* a higher intensitv of p(*ak 
flowering, moie <*asilv detennined <»ptimal haixesling. and 
a better |K)lential for high se<>d yields, l-’uliv |K>llinaled 
diploiil 4 n»|>s can fbmi xxxl on fUMXlOf of the flowers. At 
Im*s(. t(*lraploids t(*nd to form s4*etl on 70-H00f <»f the flowers 
due to ov Ilie al M »t1 ion. 1 >ip]oidcio|is vi<*ld si‘4‘d iikmv ivlialilv 
lN‘caus(‘ tin* ilow4'is l an Ih* |>ollinat4'd more salisfa(’lorilv 
with honevliees and lucenie leal cutter lH*es. vvhii'h can 
ivach the nectar in the shorter flipkml flijweis. 

Most l4*ni(MTal4* n*gi4»n> hovi* "hoiler-tongiii'il bumbl4'lM*t*s 
of tin* >ubg4*n4*ra Hnmhu.s 4»r \h’tuiari(HHulnis, whii h biti* 
a hole at lIu* bas«* of tiu* ll«>we*r to i'4*ach the lUM’tar. Hiere 
an* no shorter-l4Higiie<l bumblelK*es of these subgenera 
in highland n'giitns in 4-entral and .Naith Xmt'Hca. Afri4*a 
or tin* oubtmpicul highlanris in soulhwt'slt'm India, but 
I•al1)^•nl4•r Im*4*s ( \\liHOfHti and wa>ps fRopalidia) make 



Ihmrvlit'f. \fiis nwllijt'ru lifiustuu. vi'^itiii^ lull mil |H»ltiniiliii^ 
lliiwrr of rfil <-|ov4*r 

h4)l4*s in fliiwei-s. nnis. n*d clover flowers would jmJxibly 
lie vulnenible to nectar robbing in highland continental 
African. Inilian. \sian and Australian art^as. 

Ilie actmn of m*ctar-mbbingl>e<^^ctiii Im* n^adilv oliserved; 
rheir head is 4)l>s4 ure<l among the Ihwvers as tlaw use the 
hole. Ne4 lar-4*4)lh‘cting hon4*vb«*4*s also us4* ihi’si* ladt^s, 
and whi'ii a hoh* is useil niH'ontacI is nuule with stanums 
or stigma. All l4»ng4'r-tongu(‘<l bumblebei's anil polU'ii 
collev ting shorter-l4Higui‘il bumbh*fM’4*s Ibragi* lnnn the 
front or top of ihi* flow4*r anil i-oniaci tIu* stamens and 
stigma. The whiJe ImmK can be S4*en. Tlie most elTective 
bumbleb4‘(* |Niltiiiators of ri*d i-lover. with the longest 
tongii4*s.aiv in 7 of uImhiI MUiomlnui subgenera as follows: 
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futrlonau, nutvrafus. <ir^tUarftis (F.un»(H‘- 
Asia): h'rm(l()lM)nil)tiyJrn i(fn.s.iM‘nnsylianiais. <hihlfntmi 
(N. orS. \mrri< a): TlwntrniMimhiis: fHisrnruni.sylninfm. 
/is4*iuhtlHiifHtlf‘n.sis lKunn)e-JajKm): iJinrKithtuuhtis: (liivrsns. 
m<mtinif!us (K. Asia): Suhferran(tfnmiUs'<: suhlnranms. 
Ifitrralis. dislinfaicndis. opixisistus 1 1 lnlarcli<‘):/Aw/fA/V/.-i: 
nrroih‘nsis, ittainunns \inrri«*a|. S^’peraht-homhus: 
^risriH-ollis. morristmi (V \mrriral: ni}i<tns. 

ardcns (1 lolaniit* — lull onl\ sjM*ri«*s uilli llir loiijitT 
t<uigmsi ai*i‘ in nnl < lo\e*r poilinalionl. 

such as H. dnhllxurn and //. siihlrmtru'ii.s lliat '•U 11 I rjilnnit^^ 
lale in llie st^ason lend lolonn small enl(mu*s. Hies lK‘c<nne 
almndant during nnl\ part of die ivd rimer (lowering. 

Al die stall 4)1 (lowering, olteii ol liomwlu'e 

(orageis 4'olle<i(‘d |»ollen (nmi red < lo\er. \l die lime of 
die main (lim^Ting. Imw4*\4*r. onl\ .VI \7( of Ihhh*\Ih*«‘s 
and slioiier-longneil luimhlelM'f's wen* |Millinalinglliermp. 
rile <lerlin«* was due to an influx »il nei lar-rolliu-liiig 
lione\l«M*s Imni adjareiil while i lmer riups and weeils 
wliii li st<iji flowering as die red rlo\errom«‘s into (Ifiwer. 
lloiKwlM'es \i>iUil an a\erag<* of 12 Ihiwei's/niiiiute — 
less than half the ral»*of longer-longuni sjx'rHs.. I hjiieNU*!* 
foraging on ml i‘!o\er <ierline<l U*|ow 2.A (’. and reas<*d 
allogelluTat I()-17 '(!. IVusislenl l<m leni|»eraliin‘s n’^hu ed 
lioiuw hei' (draging lo .A.6 h/da\. roiii|KmMl to 10 lunirs (or 
hunihlehees. The 4'imiulati\<‘ edi'i-l was sih-Ii that htngia- 
|4>ngued humhh'ltt'es v isiU'd alMiul (ikii times mon* fhmeiv 
per (lav lhan hone\liees. In tin* field. simuI formation 
iniprmed iinlil l>4*e iiumhers readied h*\4'Is al whirli 
daw (M)uld |M»lliiiat4M‘arli flowin' dining a daw \ priniii lix e 
mo(l(‘l was used loi'stimaU* thal 2.(HK)-I.()I)0 iitngin'-lonpied 
luiml»lel)4*4s»/lierlare (or their 4*(|ui\alen0 ran |)ollinale ihe 
a\4*rag4* and Ih*sI crops al |M‘ak flowering. The model 
4*st iinali'il that ihi* usual (’omhined hmies and 
hiimhli'lMn* |Nipulalioiis roiilil onl\ [lollinati* up to one- 
ihinl dll' flowin' rmp. 

(!io|is dial flower in eai K sunimin'rati lie tiKii'ai'h lo h(‘lp 
cndoii) development of the late-season iMiiergirig 
Ininihli’lNts.. Such rn»jis iv4-ei\eroni()4*lilion forhonevlM***^ 
from lotus or while clover. Box gum trei's and thislles 
(Cirsiuni. (^(irdmtsf art as romphnneiilarv flowers (or 
hoiievhees pollinaling red clover, hinause honevlM*e> 
mainlv use lliese llowers for neclar. In the \lurrav kisin. 
Auslmlia. sitnl vielils of up lo ^100 kg/1 H*claiv wtnv acliii'ved 
on a l4*lraploid red i lovin' whine kix gum> wi*re common 
and no iMimhli'kn's or caiiMniltT Imn's (‘xistinl. Dtiailinl 
sludii's on lucenie and red cloviT cro|is in New Anilaiid 
als4ishow luceiiK' vuLsacompleniinilaix inopfdriKillination 
of n*d clovin' hv hoiievlM-es. l oxgloves rnav Ik- 

a coin[ieling floral soim e for I >umhlel>in>s during the carlv 
part ol red clover flowering, lull even foxglove should 
pniliahlv not k‘ removed near nnl clover mips k*i*au-se 
il is ofleii Used hv longer-loiiguenl luimhiehees. This 
’compel ilor* acts as a vital IikhI source lor colonies k'lore 
most commercial crops are in flower. 
lloiievU'c hives have ahout .HKl-l.lKK) limes moiv kns; 


than colonies of loiigci-loiigunl hunihlehees and tisuallv 
kl() hives of honeviMn's/heclaicaiv m'omminided for nnl 
clover imllinalion. Sludiis. on die same fami demoiisl rated 
that increases of up lo five fold in se*cd vield could he 
achievn! with up to 12 colonio of Homhus horlunun and 
li. nidcnttus per hectare (see figuii*). H<mthits lnuftfmm 
has coloiiie'. dial on average are 7iiV/f larger than those of 
/{. ntdcnilus. K*«liniated vieldsof lielwinni ."iDl) looverfilN) 
kg/luniai'c can k- pnKluci*d. when onlv .VlO colonii^ ol 
H. Itnrinruin are used |M*r heclaiv . In Washington slate. 
V ields of KiTiO kg/lieclare liave k-eil acliievinl. 
Ihimhiehee coloiiic'*. mainlv of li. httrlitruin. have 
heen comnicri iallv supplird lo red clover growers 
in New Zealand. I'liis hegan in l‘)B2 with hives 
occupied hv i|ueeiis in suhurhan sites with a lavorahle 
se(|uence of food supplies. Il is I ech 11 ica 1 1 v 
possible lo rear some ol die longer-longued species 
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loo, hut a coloiiv of less llian hall that of H. Irrrrslris. 
wliii’h is Used in tomato pidlinalion. and poorer 
rcvimiie relurns compared to glasshouse crops have 
so far prcveiiled tin* developmeni ol a major ’^upplv 
of humhichee coionii'H for red dm er pollinalion. The 
hest pios|H‘('ts seem to k* to develop a (arming svstem 
for siiilahle humhleliee sptu-ics especial I v in regions 
that lack die main colonv enemies — l*silhynts. 
Midillidiia mo.s/u. Mtiifa and Xphtmua soritdia — 
all of which are ilifficull lo control. 

Most regions have some ellective s^dilarv k'l* pollinatois 
of red clover, which include Osmia nifnilc.uvn.'i (fmm 
Kmope hnl also in the I S V). \ \lovttjHi (in the Middle l lasl 
and lihiiia). Emrra snt itilis in .lapan. (hmia hruneri. 
l/e//.s.MK/e,v. and Tcindnnia in Noilh \merica and Crntris 
chilfnsis iu\i\ \nlhnplinrti in Suilh \merica. The lucerne 
leal culler k'c can increase seed v ields on diploid red 
elm CIV f tom 2B I lo I lO kg/heclare. 


4f/ (Utlliiohul Phtnh in /Ae | 



If Snitlifni African nations. Kenya and Ktliiopia wisli to 
inipn»vc fai)a l)can [lollination and to diversify lepinie 
pnKliu‘li(»ii. then the intn>du(‘tion ol Homhus nulemliLs or 
fi. hortitnim may l>c appropriate. Hnmhtis 

fiftrloniiri extends to Spain and Turkey, l>ees are most 
alnindant in norlliem Kim)pe and New Zealand. Tliese 
regions and the Sudan do not have )>iimhlelMM*s. I lowever. 
the efieeliveness of at limes llie |M»llinalors of 

fal>a heans and red clover, remains In l)e inveslipiletl. 

Km Con9§M9siia€^ (.\stt^ra€^*ao) 

sfteries. I. J(H) pviem } 

The close a.ss<K ialion <»f tlie tiilnilar floiets and the outer 
ray floiets make the innores< ence moie conspii'uoiis to 
Ihn*. \>asps. Ixi'tles. flies and moths that visit the flow«*rs. 
Hummin^hirds art> amon» xisiloi's to some composite 
s|)eei(^.<Tlen in i\e<»tr()|M<‘al lii^hlatHlsanii |Kiramo. Neiiar 
of eomjiosites. unlike that of Umhelliferae, is pn>teete<l 
tnmi rain h\ its ;>ositi<Mi in th<* small, tiilnilar floiets. riu* 
we«»dy Arlemesia. Amfinmia and Xonthiitm are wind- 
|»ollinale<l, Init Hathurst IniiT (A. spimtasunt) pm\ides a 
little nectar and |K)lleii for lioneyhees. The sunllower. 
HelUtnlhus annum is llie iikisI e\lt*nsi\ely pown nHn[Kisile. 
Other Compositae crops such as artichoke iCynara 
siohnuL'i). ehieon. (C/ua^n/m intyhus^. enilive (Chk omm 
endiva), and lettuce ihu tuca sativa^ ha\ e smaller to much 
smaller flowiT heads, which arc also priKluct*!! in siimnu^r. 
The small flower heads should allow for more riHweinent 
with fewer visits |»er fiead aixl, thus. l)Hlercn)ss-()ollinalion 
than with sunHowers. 

20* iit^Uanihus aiiiiiiiiff. 

Sunflowt'rs aie pewn in suhtnipical and highland tit»pical 
Smih Arnerii a. Asuu India and Africa, llw m<ijomKintncs 
powiiif! sunflower are India. China. Turkey. Snith Africa 
and Sudan. Sunnower was cultivated Hist in the southem 
LS A and Mexico — mainly gmwn lor oil. hut als<» usi*d 
for li\cst<H‘k feed and human ftMMl. 

Suiillower has I .()()0-2.(K)0 flowers/flower fieail. I(M).(H)0 
(lower lieadsaiwl 2^) million (lowers/lie<‘tare. Kach head 
flowers lor 6-10 days: stipnas may remain re< eptive for 
Uf) to 14 da\s. hut nx eptivity declines each day. A crop 
flowers for three to five weeks in summer to early autumn. 


At least ~{)-^KY'/t of the floweis can fonii s«‘<'iL In the ISA, 
male-sterile, a|H>micli(* sunflower varieties aie mainly 
us<*il, even although inale-lertile varieties can lie more 
pnKluclive. Pollen and iie<‘tar aie pnKliice<l only during 
the male phase of the central disk floiets. 

The diversity of flower visitors to sunflower and its 
ini|)oi1an{e as a souive of honey in parts of Africa, South 
America and the Indian sulx'ontineiil are evidence that 
sunflower is a lelutiv ely attractive flowering emp for l>e<'s. 
Higher levels of im tar lower the cfllcicin v of individual 
|)ollinatois. Ux aiise they s|»end more time on each head 
and floret- The major pnKliu ing stales in the I SA have 
ol the rf‘commend<*d 2.5 IwhxwIk*** colonu*s/lw*ctan* 
for maximum |M>llination. A linear iiknIcI pn^iicts seeil 
oil (‘ontent to increase UK^ with 15 honevlKHN |ht KM) 
heads. Honeylie<*s seldom collect (Millen fmm sunflower 
and mav often ( lean and discanl sunflower |>ollen fmm 
their IxKlitsi. A total of five to six hoiawlvee v isits/flower 
dw iuH>d«xl to achieve maximum si'tx] fonnalion. At least 
fiv e honevliees/flower head are needed for average yields 
(1.5(K) kgfliectare). 

in tlu‘ highlands of southtmi India. l/as<-em/io. 4. dorsata. 
and \. jlorca a<‘(’ounted for 85^ of flower visitors on 
sunflowers. Ap))ni\imalelv 99^ of the 412 lieesjiecies that 
have heeii lecorderl visiting sunflower in western L.SA 
ivstricte<l all |M>llcn and neiiar (‘olh^ tion to sunflower. 
Vitlds ol up to4.9()0 kg/hcctan* have* U*<*n achieved whene 
solitary hces wen* the main |M>llinalors. compartHl with 
the ISA average of l.lfM) kg/lieclare. I.ess than l.(HM) 
sunihwver leafcutterliees. Megadule pugnaUt |>er hectare 
arc iH'cilcd for simllowiM' |M>llination. Koiirsolilaix s|iccialist 
jMilIinatois avcrageil 1.02-0.24 million |M>lhm grains on 
their Unlies. compare<l to O.0f)-0.(M)2 million for non- 
sjjecialist honeyliee, ljuml)lelK*<* ainl solitarv liee |¥>lliiuitois. 

•S|)e<*ialist sunflower |M>|linalois. Mclisstnies agilis, \ndrena 
helianlhi 4/. pugnata. Siastra and Diadasia. were more 
active earlier in the rlay than the generalist jiollinators 
Apis, Homhus and Hidictm. \U*gachde agilis and Atidnnut 
ludianlhi can cause a seevi set 5- 1 1 limes higher |)cr visit 
than the honeyhee. Bagged flower heads with visits 
restricted to us few as 7 visits pHnluced 540 seeds, 
(’omt>are<l to 240 for heads receiv ing over KM) visits |>er 
day. Seed-set d<*cline<l as the season progress«*d and the 
sunflower s|x*cialists lonn<‘<l a prater |iai1 of the jMillinating 
guild. Specialist solitary species seemed to displace 
generalist [)olliiialor> fnmi sunflower to other flowers — 
onion, carmt. ird {-lover, and white swe<‘t clover. 

In Suith Africa, the long-tongue<l Tetrahmia and short- 
longut‘d hisioghtssum visitixl sunflowers, while mai/e. 
grasses, \anihiuin. and Clvniaiis were coni|>eling (M)llen 
soun*es for honeyl>ees. In S|>ain. 31 lire sfiecies were 
re(*onle<l on sunflowen^. In lndia.21 genera of insecLs were 
found on the flowers, and in Pakistan. Andrena fulricriLK. 
Ceraiina l iridissima. XyliKofMi dissinulis. A. rufvsivns. and 
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X. fenestra wen* llie main poltinalin^ Ik*c.s. Similowrr i> 
a fa\on*<l I(mm1 smiive lor Hfnnhiis lurorum oi H. feneslris, 
whit'll t*\ten<i It) noilhrm lsnu*l. nt)illu'iii Iratj anti Ka*^hinir. 
while B. (erreslris exiemis It) noilliwesi \lriea. 

L* S4^lan€t€*4*it4» <2.0(M) sftecies. genera t 

Solanaeemis ero()ji. itmiato I fACoiHrsiron esrn-fenlnin). 
sweet pe|)|>t*r ami chillies tCapsicum annum am! C. 
frutesrensK lohacct) iMcaiiana inhaenmi. egt*planl 
(Solanuin melongenal. f)olalo (S. tn-ln'msum t mt\ lamanllo 
iCypimmandra InHavea} mainly have peiitiultiiis fIow«*is 
tliat pnKlu(*e lillle t>r ru) nectar for foraging lM•e^. They 
originat(*«l in ifie Aim*ricas. |iet*s \ isil llte fltiwt'i's lo gather 
[Millen which has the highest protein and nittogen ctnitent 
among |K>llen> (stvS'clion 2.3.2). MoneyU*t*s tlo nt)t imzz* 
t)r ‘milk* the aniliers t>l any nowering plant, thus an* ill- 
adapU*d to extract the fi)otl t)irentl t«)l)ees h\ iheSilanaceac. 
In the lleltl. honeyl)ees and hnml)lelM*t*s are amt)ng the 
mtist fitHjucnt insect vi.sitoi's on crofxs. Other fre<[ijenll\‘ 
recordetl visilon^ at emps an* the Im*c genera AmegUia. 
TV/i/rw. Exoinalofms. XyliH opa. Caupalieana. Hyfaeus. 
Plilaglossa. StenalriHis. AugiN'hItfnfpsis. iMsi4>glitssiau. 
.\onua» and Prataxaea. 

2im TtniHtUtosm i4fCi»p€n^ivon 

osvuU^niunu 

Orie-lhini t>fall tomatoes an* gmwn in Asia and India. 
179^ in Africa. M in Central America anti ()9f in St>uth 
America. Ilie hight*sl yields are ohtained in Fainipe atul 
Japan where tomatot*s arc grown hydroponically in 
glasshouses. Majt>r protliict'is in tlu* tmpit's an* (diina. 
Fg>[)t. India. Mexict). Bra/.il and Intitjnesia. 

In the glassht)Use. Kiirt>pean ami iSorth American 
studies oil tomatoes and potatoes have Itinnd that 
shorter- or medium-tongiied l)iiml)lel)ee. H. lerresfris. 
(snhgeniis HomImsU and H. ingxiliens, H. ternarius anti 
H. imnesenskii (snhgemis /^y7T)/«>;n/>n.s) — which are mow 
generalizt*<l in tlieir flower nsijgt* — an* helt(*i |H)llinaloi's 
than longer-lmigued hunihlehei's. The last group often 
d(‘[)end more on flowers Irom a few plant families. 
Honeybees can be somt'wluit ust'ful in |)t)llination of 
glasshouse tomattK*s in winter, but as sotm as llowem 
IxH'ome available outside the glasshoust* the htme\l)ees 
soon pui'siit* Idmging tht*n*. J hey canntit oniinarily collect 
the |M>ll(‘n and th(*re is no nec'tar. thus they are not a\iil 
ftiragers on these or any other solanaeemis mops. 
Me< hanical vibration of anlhcis is expensive and tetlious 
for the o|X‘ratois, w ho may miss or damagt* llowt'is or suffer 
fnim alleigies to tlie |x)llen. Prttgress with ptillinalmn by 
l)iimblelM*(*s can Im* mt)iiitori^l. Iiecaiise w ithin an htiur a 
Imiwii ling apjK*ai's on tlu* stamens whert* tlu* bees has 
heltl tiu' anther in its mandibles while vibrating the fitiwer 
(set* Section 2..3.2). Kach bumldcUx* can set moiv than 
W'/( of fiiiil. whicli a\«*rages I0.vl209f heavier fmil than 
fruit set with honeybees, \bonl 8-10 colonies of 
bumblel>ees/liectare of tlu* emp are used in glasshouses. 
In the field, bumblebees and other bees |>ollinate tomato 


flow<*is. iiulicaUxl herein by legioii: (Pern): Hamhus fnnehris. 
Centris surinamensis. A i lorojHi hrasilianomm. Anthophora 
an'tiuifiensis. A. IriiMVU fa. Exomatapsis hruesi \ug(H liiora 
matiinniensis. T nignmunginala and Ijtnehapria.: (North 
\iiu*rica): Atitliopfutra urhana. \uga< hloropsis ignila: 
(Puerto Kico); Exomalopsis gfulntsa; ((biadelonpc): 
Exomalaifsis. \\ ith one |K)llen-collt*cting lu*e seen duiing 
ea< h minute. UY/r of flowers set Iniit in Peni. com|)aied 
to a \{Y'/t fruit set obsened in Caliloniia. In (iuadeloujH*. 
079f of |M)lh'n gathen-d by Exanialoftsis (*ame from the 
-solaiia< «*ous cro|)s of tomato, egg plant and sweet |M*ppe*r. 

. Icldilioimf 

Miiol. I>. I*. liilemiiiliorishi|i iiiKl 
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Mallah. M. \.. \h. K K.. Kshlwh. H. \1. K«W. Pollen giilhering 
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Kgyjtl. Pn>e. Ini. (amf. Apie. Trojiieal climates I:l0^>-1 1.5. 
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a kev to tlx* genera, t hit*nl. In>-. 1 1 :2tPKi2 1. 
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1.4 APPUED PtnjJMTMOA 
0\ TROPICAL & SI BTROPICAL 
OCEXMCISIASm 


Ont- t-aii learn nuicli from Iropieal islamis ami their 
|x>lliiiation systent;. Island studies have shown, iv|>eat<Hlly, 
dial (ilanls ;uid |xillinatiHS can luljiist to sonwlinies drastically 
new |)olliiialion environments. Seir-i ompatihility and 
antogainy evolve relatively rapiilly, or (loral trails change 
to accixiuixxlale new (lower visitois and [xilenlial |x)llinatois. 


island having no |X)llinators. one can see the difTerence 
that im|xirting a ixillinatori an make, or die neetled (xiUinator 
ahiindance to succes.sfully [xillinate a cmp of given size. 
W here jxillinators are already present, or after lliey have 
lieen intnMlucevl. it is also jxissihic to detect ways that 
weedy plant s|xx ies an- spread hy |Hillinators — a iieedevi 
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Table 1. Xvaiinbililv oriief. bin! an<l bat |Mi]linators im ^llaiili«- ati>l Indian iMvoiiic i^luiultv. Islumls furlhesi i'mm the rnntinent.-x ntv liMed lir>l. 
(diiiiiitf aiul annufil preripilalifm: Wef: > 2(MKI mm. no proKmged dr>' >ea!*<»n; Humid: mm: Arid: 1.^0-260 mm; Dry: KHI- 

I W mm. I*«llinal<irs — dah* wben inlnHlm-r<l given for Apis; oilier information in table: + s present. 0 = ab:*enl. ? = insuffleienl 
n*< onl‘.. number shows mmilHT of speeies. Mats and birris imdude only flower-\ isiting species. * = nuivimum |H»leiitial niim)»er 


.Animals confnniled with a new range of floral resoun es 
often show siir|)rising llexihility in their choic e of plants, 
lielv ing [KLst assuni()lioivs alxait dieir siipjxiscxl piefeieixx>s. 
Islands also provide, in the clearest maimer [xissihle, 
examples of the im[Kirlance of ‘stiK king density' that may 
piide nianagenient decisioas for mainland areas — and 
more coniplicatisl ‘syslcm.s' in general, licginning with an 


cixisideralion when as.suming the res[xxi.sihilily Icir sicxking 
|xillinatois in maiiagcxi haliitats. 

IA.I liifoiRMi* 1‘iMiHiUtrs & HonM 

Oceanic islands, those relatively far from the mainlami 
or othcT islands, are a distinctive tmpical hahital. Ilieir 
comhined area, exc-liiding the West Indies, (see Tallies I 


It) 
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and 2) e*xc<t*ds h rlaiHl. (ailw or llir Smth island of Now 
Zealand. W itii the exeeplion of llie Catuir\ Islands, iIhsm* 
47 tnipk ai and sul)tmpieal islands are separated from 
adjacent eonlinents hv 2(KI to km. K\en the eliiser 

Canar> Islands were alxml 60 km away fnmi Africa 
when sea levels were lower in the last ice age. The 
mountainous, older, and lemote laige islands — Hawaii, 
(binary. New Caledonia — have up to endemism in 
the flora, while llu* younger islands lik(‘ tlx* (hilu|mg4»s. 
\anuatu aixl A.sc^tMision.and all relatively flat islaixls havi‘ 
smaller floras, llieir endemism usually ranges l)elween •> 
and New Cahxl(»nia. with 3.3(X) indigenous s|m*« u*s. 
has the hugest distinctive Ihira. TheiM*«*ani<* islatxls ivlain 
relatively many endemic [)lanl sjjecies. The average <m 
22 islajKl giDup isom* 4*rwl«'mic sivecies |ver 17 km” frangj* 
1.3 In 88.0 kin-). 

(Keauk* islands contain only vestiges of the l>ee, hird and 
hat |M>llinator>' found on the neiglilKairing continents. Kor 
instance, Vanuatu has 12 s|>ecies of native l>ees. Hawaii 
62 sjMX’ies. New (^al(‘donia28and Fiji 7. dlie iimiv ivm<rt4* 
at(»lls like Wake, MMlway.and \tiK» Island in the Maivhalls 
have an extremely limited fauna <if flower-visiting ins«*4Ms. 
Diiimal fl4>wervisilors4)f Wake islaixl iiM'liKk* only im]K>i1e<l 
lioney lK*es. a hover fly. two fli(si of the genus fMcilia. some 
imiscid flies. out' InitUn'Ily and <»tu'sphingid nutlh. Faunal 
diversity is influenced liy rate of arrival hy )H»tei]tial 
C4)l(niisls. Colonists are affecle<l hy the distance of the 
island from the continent and direction. ixn’sistrMice and 
sln'nglh of pn*vailing winds and s<*a ciimmts. 'Hterr’ an* 
also signiflcant diflen*n<'t*s among the long-range dis|K*rsal 
and (‘oloni/ation abilities (including fecundity ('s|M'(‘ially ) 
of different animals. KstahlishmenI is greatly influeiiceil 
hy island size and to[x)gi*aphy. patterns of rainfall, and 
floral diversity. 

Tile only islaixlsthal naturally IkuI geiH'ralisI s4M‘ial U'e 
|K»llinat4»rs were the Andaman, \ic«)harand Ux 4 a<li\e 
islands, with giant and Asian honey l>ees which can now 
lx* at least [vatlly managrxi. Slingl(*ss Ihfrona l>ees (sul)genus 
Helerntrifrona. or tlx* 'Telra^onula’ group) <H cur «)ii tiu* 
(Aniline Islands aixl on lh4*S>loinons — T. irutifM^nnis on 
Tnik aixl S)l4»iii4>n. and T. fuMohuhraUt 4«i Paulus 4>f the 
Caroline islanils. C4)lonies 4>f slingless hees can he 
transfeired to wcKxien hives. 

In the .\tlunli(‘ and liulian 0(*4*ans. I/j/.v meUifera 4>f 
Malagasy ami Kun)pi*an origin were likely intr4Hlu4’4*d 
to the larger islands 2()0-300 years ag4> for honey 
production. alth4>ugh few actual dates have been 
recorded. Since the 18.'i()s repeate4l efforts were 
ma4le to establish honeybees 4>n Ascension ami 
presumably the large St. Helena island. On 
As< ensi4)ii Islaml. at least, lhes4* eff4>rls faih*4l. Failure 
was attributed to the climate, but inbree4ling is likely 
an important, unackmnvledged factor. Inbreeiling 
prevented the establishnient of honeybees up until 
as late as the 1960s on the Chatham Islands, and it 


als4» d4'lay4‘<l their 4*stablishment on KangariHi islaml 
4)ff the 4‘oast (d Australia. Vh>st of the 4‘r<»ps and fruits 
gr4)wn there, such as bananas, plums, guavas, pears, 
papayas. mang4»es. and grana4lillas. have at b'ast 
.some varieties that set fruit willumt lukueybees 4>r 
any [)ollinal4)rs at all. 

Hawaii. Fiji. Vanuatu. tImSdomons.and pivsumably Nt'w 
(kd4*il4>nia and I'ahili appar4*nlly hav4* luul Kui'4»{)4*an 
Ii4)n4'yl>4*f‘s f4H'u(ito l.)0y4*ais. H4>n4‘yl)4*4‘s ar4’4>n at IcMst 
S4)me but not all (e.g. Vanuatu. Fiji) of 27 and |M)ssibly .A 
4)tli4‘r (K’4*ank' islaml gniups. Hive density in the .Siulh 
Pa4 ifk* is tvlatively low |> lb’s km”/lnve to 2 hivt*s/km” ) 
4le|K*nding 4«i whether there is commercial l>eekeeping 
(Fiji. (kM)ks. Niue. Papua N4*w (iuim*a. S4»l4mi4)ns) or 
viiliially a 4‘4)ttag4* industry ( I'onga. Tuvalu. Vamialu. W. 
Sam4>a) with few lukbby beekeepers. C4»miner4‘ial 
U^ekeeping was establishefi on Niue in PX»7K Ibnga in 
1971. SaiiHHi in 1977. and Sdonwuis in I9f?>. 

Niue is lli4* only islau4l natkm wlu'iv* human 4listurlKin4-4‘ 
to the habitat is low etxHigh.aixl l>eek4*(‘)M*rsa4-|iveenoug)i. 
l4)e\|Mirl hoii4*\. .SigarcaiM*. vvhich jm»v ides ih) l>ee fonige. 
is a inaj4>r < n>p 4)ti 4’ultivate4l land in Vlauritius. Keimkm 
and |4» a less<*r extent Fiji. I hmever. 4Hily on Kt*uni(m an* 
im]Mii1s signilH-ant. 

Ihineyl^ees 4)n many 4>f the (K*eanic islan4ls lack diseases 
such as Kimi|M*an foul bmixi. chalk bmiMl and tlx* im|M>r1ant 
miti* 4*ix*mi4*s b/mwi jtmtimmi and Xrarafus xyW/. \urrtm 
is >pn'a4ling in Pafuia N4*w (kiiix*a. Piottn-lion against iIn* 
s[)n*ad of this mile aixl diseases rangc*s fnxn an infomial 
arrangement (Vanuatu) in* the m*e4l l<» implement 
I)e4*keepingan4l (|iianintitx‘ k*gislati4>ti for Fiji. SanxKi atxi 
tlx* CiK)k islands, similar t4) tlx* h-gislation to (*onlnil 
hoii4*y aixl U*4* ini|HMls in theSdouHMi Islaixls. IVtIlination 
on 4H'4*ani4’ islatxis is vulnerable to flu4'tuati4)ns in the 
number 4>l Iiive4l bees. There cmihl well be eventual 
disnipti(Mi 4d be4*keeping and managtxl |M)llinali4)n if the 
W4)i>t miu*s aixl |>atix>g4*ns lM*conx‘ i*slablislx‘4l. 

Vlaintaining aii4l dev4‘h»ping beekeeping 4>n small 
islarxls faces a combination 4»( 4lifllculties not ex(>erien4 e<l 
in larger areas. Ibuxl ac c'ess 4)ii mountainous (x eanic* 
islaixls is often limit(*d. Ihxxwixx* |K)piilations canixit lx* 
(*ontr4)ll<‘4l on smaller islaixls. wlx*r4* a 4*4>mim*r4‘ial 
lM‘(‘k4'4‘|N*r is unabh* t4> mak4‘ a living. Hobby lM‘ekf*4‘]M*i*s 
may ixx'd to ini|>oi1 (*\|>ensive wixHlen hives aixl maleil 
c|ue(*ns4>rothei'w ise inbr(*4*ding will k*ad to colony faihm*. 
Fluctuatmns of up to in hivt* numlM*i's hav4* lM*en 

|ieconk*d in Hemuida. West Samoa and tlx* Ibnga Islands. 
1’hese have a maximum id (lO.lMK) inhabitants ami at 
l)est one ccmimeivial Ut*keepingentei])ris4*. Hiiis. islaixls 
with l4*ss than oix* or two thoiisiiixl inhabitants can (|iiite 
readily lost* tlx* skills 4»r inU‘n*st in ket'pinglrees. In ixlililiiHi. 
the insecurity of apiary sites, hives and the honey crop 
can caus<* kx al pndrlenis. Islaixls with 4*xt4*ixl4*4l dn seasons 
and ieslri(*U*d floras e.g. AsceiM*on sun*ly jxisstss a seveix*ly 
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Tul>le 2. Availal)ilil\ nfUf. bin! un<l hut (Killinulois in lni|>K'ul IV'ilic <M'eunic 
(>linute and aiiiuial |m*ripilation: ffw; >2^)01) mm. no pndongecl clr> s<*asoii: Humifl: mm; 

Arui: Ki0-2W) mm; Dry: KMM W mm. Pollinalors — tbite when inlr(Kliire«l jriveii for Apis: iitlier 
infomiatinn in talde: + = present. 0 = af>sent. ? s insiini<-ient rw-onls. numlier slum?. iuimtM‘r of 
s|>tfM*s. *Bats and hirils include only (lower-xisiting s|M*cies; the upper numljer includes 
thow using nectar onh perimlically. ++ -Trifiona iridi/yennis or T. fiisco-baheata present 


limiled variety of pnxluetive floral resoun*es duriiip the 
dry season. Su<*h factors presumaldy make Ascension. 
'IVinidade. Ctx'os, (Christmas. Pitcairn. Kaster, Tokelau 
utisuitable or at least vulnerable for long-term viability 
with beekeeping. B«*ekc*eping on small atolls with few 
[Kxtple is often impractical, but w ith determination it cati 
be achieve<l. as sliown on Kwujalein in the Marshalls, 
wfiere the need ftH* a general {xtllinalorwus the nuiin reason 
for honeyl)ee inlnKluclioti. 

Tile tnipical American car|)enler Ix^ Ay /wo/w sonorina 


has spread to llciwaii. (mam and 
Saipan in (he Marianas. This 
s|)eices. with its bmwii males ami 
black females, was rec overed in 
a tree stump in Auckland in 
1^87, but has apparently not 
established a population in New 
Zealand, \\iocopa daru inii is 
present on all but the four 
northwest (jala|>agos islands as 
an endemic species. In 1^)83 
the author saw a XdiK'OfMt sjieices 
on I’ahiti (whicdi could have Ixvn 
V. sonorina) visiting flowers 
including Hihiscus. Thus other 
large isUinds with frec|uent Pm*ific 
trade or military traffic from 
Hawaii may now have caqxMiter 
l)ees. Surveys of insecis from \«*vv 
Cah*d(Hiia. (>(Nik. Tonga, mxl Niue 
in the P^JOs have ('onfinned the 
absence of caq)enler liees there 
timers, oils, at the Bishop Muscnim 
and New Zealand arthropod 
c‘o!lections|. Israeli. Malaysian 
and Indian studies (see .Section 
2.o) show that caqienter liees are 
entering the early phase of 
domestication. In the Atlantic 
other large l>ees cH*c*un the long- 
tongued Homhus nideratus 
(Azort*s. MadicTd) as well as the 
relatively short -longued Bomhus 
rnadieriensis (Madiera), and B. 
cananu*nsis (Canary Islands). 

M(»st Pacific islands have a few 
flower-visiting wasj) and bee 
s|X‘cies. One to six s|>ecies |ier 
island of leaf cutler bees 
{ Megachile and Litharge) are 
recMUcled from the main iiipi. 
islands as far east as the Maiianas 
and American Samoa, rhen there 
are fewer megachilid l»ees until 
luhiti. Nothing has Uen reckon led 
(HI the flow«*is diev um\ Ujt legume 
and composite flowers an* among the favonxl foexl stMirces 
of other megachilid Irees. In the Pacific there are very 
few species of (»ther solitary Ixh*s. l'h<»se r«*c(jrded are 
ground-nesting genera of Halictidae. New (.aledonia 
also has a \omia s|>ecies (Halictidae*) that nests in the 
gitmnd. Virtually nothing is n*|X)rte*d on the flower sjiecies 
these l)ees visit, hi New (^iledonia. some of the lOsfiecies 
of sphecid wasps make u|) a conspicuous part of the* 
generalized |M)llinator guild (Donovan, (lers. e‘omm.). and 
one Polistes sj>ecies is widely dis|)erseel in the Pacific, 
extending to Easier Island. 
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No iiilornuition ha.s on llio onrrli\4*m» 

of (lies, wasps, heelles or moths in |)otlination ot) iHeatilc 
islands. In ihr Paridc lh(To an* al least 53 sjH*cies of 
Syr|»lii<lae willi 6s|)e(‘ies intiTxIured to Hawaii. Hie *dmne 
fly’ is pn^stMit on Kiisler Island. Inilap|wienlh nosyrj)liids 
exiemi yet to the Pitrairn uiul (fala|Kigos islands. Tlje 
largest island groups have I I syr[)lii4l spe<-ies in 
Hawaii. 2 in French Polynesia. 5 in Samoa. 10 in Fiji. 

I I in New (ialedonia and 6 in \annatn. The 4M-eanic 
islands in the Pacille have an iin|K>verished iMimhxliid 
(l)ee (ly) launa, partly iKi aiise of the limited liost spe< M^ 
of gnnind-nesling Ixh‘s and wasps needed as hosts h\ 
llu*s<* |Kirasites. and als<i the wet cliniale. In the Pa< ille. 
U*<* ni«*s ha\(‘only U*en n'conlul fmm \aniialu 1 1 s|>e< M*s|. 
New (Caledonia ( I sixt ies). French PoKnesia (2 s|M*< ies) 
and the ITmin islands (5 speciesf, with one species 
intnNliic(*il lo Hawaii. Pn*siimahl\ this also applit^ to the 
Atlantic and Indian iM-f^ans. 

In Australasia, some strationnid and tahanid Hies ar<* 
among the commtmer. Iarg<*st and hairiest insects on 
nmlu'llifer and composite flowers. Straliomxids 
(Odon/omyml are lound in \annalu. New (iaieilonia and 
Fiji, while /Vii7o/e/je on New (ialetlonia is in the same liilie 
(Philolehini)as (Ik* i1ower-\ isiting lalKinidsorN4*w A'aland. 
F.ven the smallest and ni(»st leniote <K‘eani(* islands of 
Honin. \licnniesia. Pitcairn aiwl l*iits|er Island have several 
sj>ecies of Muscidae. Calliplu)ridae and Sarcophagidae. 
Slndhsi in (em|K*rate zorw^s show llu*s can transfer limit«*d 
anKMints of |miII<*ii on tlw'ir hristly IxMlies as the\ mo\«* 
(|iiickl\ from flowi'r to f1(»wer. Other ahundant. large and 
liairx diurnal llower~\ isiting flies, e.g. Bihionidae. al 
least in the t«‘tn|M*rale zone, max ofit'n walk fi'om (lower 
lo (lower. OhserAatmiis hx the aulhortMi (lhalham island 
showr*d that walking mliieed the axerage rate of (lower 
X isilalion thre«* to six tinK*s. compuni! lo Hit's llx ing lietwtvn 
(lowers. Bihionids are ap}km*ntlx tmix ionnd in \anitalii 
and New (iaiedoiiia. Mt)st of the ttther n«*maliM eran llx 
lamilies haxesome (Ittvver-x isiting species (see InlnMlucli<Mil. 
and are actixe mort* at dusk or al night. 

III tht* Australasian n*gion iHipn^tid. iangunid.«N*<lomt*nd. 
s(*raptii<l and (rixiagid Ix^t'di's t'xt hisixclx 

X isit flowers, while canthand. meixrid. (‘lerid. phalacritl. 
rliipiphorid and demiestid l>eellesc<»mmiMilx x isit [lowers 
adapted to generalist insect )H>llinalois. Ilowexer. manx 
of these U'l'tle sjK'cies an* relalixelx small. Small size 
would ivstricl their ahililx 

to pollinatt* lloweis xxhi*re the .'>laim*n and stigma are 
xvell s4‘|)ara((‘tl. (/cnt'i'allx. Scarahat'idat* ((ieloniiiat*) 
Trichiinat* or Melolonlhinat*) and Klaleridae form a 
conspieuos hut h*ss mohile part of the inst'cls x isiting 
flowers o( al least the eoni|M>sites. imiU*llileis and some 
Myrtaceae. Oceanic islands lend lo haxe limilt*tl sjK*cies 
orsuhfamily n*pivs<‘ntaliomifsoil-inhahiling scaraluieids. 
coni|)art‘tl ttt the atljactMit continents. Conxeisely. (lower* 
X isiting in.stM ts that inhahit txvigs or W(kh1. <*.g. longhoni 
l«*eth*s and iht* small almi>sl hairh*ss 1m*cs //i/«ea.x haxe 


dis|M‘iS(*d lartIuTormort* (n*elx in the Pacidc. lieingahle 
lo float oxer large expanses of ocean in their nests. 
Stime sphingiti moths are active daytime visitors ol 
(hiwei-s and a total of 15 s|ie< it*s has In'cn (omul in New 
(ial4*doiiia. 5 in American SaiiUKi aiul 6 in I lawaii. Only 
(vferio. //. relox. //. sernfa, TlwMra uessus. T. 
cloihit, and (rnafhi>thiha.'< eras 

extend into the soulhw<*st I’acific. The Imtledlx fauna 
of Fiji. Mu'mtu'sia and Hawaii consists of 10 to P)s)»‘ci(*s. 
TIi 4‘ O’pidopteia are not known to haxe anx 
effect on crop pollination hut (hex are signincant as 
pollinatoi's o( Ijinlana. which is a iiiajor xveed in the 
Pa<-i(lc islaiuls. and tlu’x also xisit xxild ginger. 

In manx [uirts of the tropi<*s small !U‘(*lar* and |>ollen- 
leeulinghats |K)llinale hanana mango, hemp. ka|KK-. kilsa. 
^luiiaii aiul an* most im|)ortant in |Millinalion of 
BomUicai-ciie, BigiHiiiiaceae. aiul Sii|x)ta4 eae. Snne sjMi*ies 
4»l Cactaceae. Oesnenaceae. .Smneratiaceae. \tueina and 
\lus4i dt'pt'iul on hats (dr jKiilination. Soim* hats are 
g4*iK*ralist )H)liinaloi*s and fruit-eating 
s|Mx-i(*s that consunu* lU'clar primatiK in (lu* dr\ s<*ason. 
In all. 2 I sjK'cies of herapus. l*feraloin‘x marnutonta 
aiul \oiofitvris maalanaldi an* (iumd on manx islands in 
tiu* Indian oc4*aii and a> lanust as the (iamliiu* islands 
aiul .SiiiMui in the Pac ific (Tahles I and 2). Most o( these 
(mil hats or Hying fdxt*> are kisicallx fmit <*ating s|K*cies 
that xisit (lowers opportunistically and may also 
4-onsiitm* llu'in. Ilie lndo-\sian to xx4*slc*rn Pac illc kits 
an* not wt‘ll-adapt(*d to hmering (light (or pollination. 
4<Mnpaivd lo kits fn»m Smllieni ISA to Snith \nu*nVa. 
in lheS)lon>on Islands, the (loxxc-rsof //e/uirwaV/ iMusiiceae) 
an* X isiled at night hx Melanuieris. P(*iha|»s o(lK*r//<7K4>mV/ 
as lareasi as .Simoa max l>e hal-[M)llinated. 

Thus on wtMeni Pacille and Indian (K*ean islaiuls. Iwts 
art* liktdx to contiilmte to the (Mdlination of only a slight 
|N)ilion oi the flom. whi(*h also apf)lit*s to N(*w /c'aland 
and \iis(ralia. 

The most |H*isistenl and s|K*cializt*d llowt*r-ftHHling hinls 
that 4H*cur on lmpic*al (K*eanic* islands an* Meli|)hagida4*. 
some* l)r(*panidai*. Nt*clariniidae. Dicat'lilat* and 
hmshtongued hoiu'x iKinotsor lorik4*4*(s (Trit'lioglossidae. 
Loriinat*). More op|Hirtunislic Ihnxer xisi|oi> include 
/oslei44pidae, parakeets and jH*rliaps |uiitoIs (Psiltidae). 
tropical huihuls (Py< nono(idae). orioh*s (Onolidaet and 
Iw4> (iala|Kigos finches. Tli4*n' are 4»n<* U* fixe s|H*cit*s ol 
honey cree|)eis that Idragc'on (lowers cm each island gixnip 
li'om \anualii. the Marianas, (iarolitu's. and to .Siinoa. 

Tht* loh* o( hirds in )M>lliiialion on tropical islands has 
k‘4*n studit'tl on Hawaii. In Hawaiian foivsts fixe of the 
surxixing species of Hawaiian lioneycree|>ei-s inchule 
ne4*lara*^ an ini(N)rtanl OkkI item, and (dr live moresjK*ci«*s 
nectar is used occasionally. I'he htmeycreepers are 
important (or pollination in lohelioici flowers. On 
Meterosideras roHina (Myrtaceae) thive h<m4‘xcr4*ep4*r 
s|M*ci4*sand the while* eye cam |M)llcn mu4*h mon* often 
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on tiu'ir IxMlies than other lards visiting the (lowers of 
lliis dominant forest In^e. Two siiiihinl s|M‘<‘ies an* found 
on the Andaiiuin islands and one flnwerf)eeker species 
and one siinhiixl s | m * cu*s on the (iomon^s. Iliere are 17 
other s|KM’ies of while eves with up to tlm^e s|m^cu*s tni 
each islaiul from Sao Tome and I’rincipe. (^onioro>. 
S*ychell<*s. \]aunliii>. Kininion. Andaman, \icohar. the 
Carolines, (riiam. \anuatu. New (^aU^donia and Kiji. 

Six s(>ecies(»l ]Kirak<‘('ls live on Mauntius. \i(‘olKiror New 
Caledonia. A ilillereMil subspecies ol the red- fnmled 
parakeet fee<ls among (lowers in the New Zealand 
legion, hut general hini lexis t\o not mention whether these 
other parakeets fe(‘d on nectar too. New Zealand and 
Australian studies of [)ollinating birds conflnn that led 
llowei's are often useil. but some yellow and while llowei> 
with huge amounts of nectar are also sought by binls. In 
New Z«*aland at least 2^/( of the native flower s|»ecies fn»r)i 
over 1ft flower families benefit from bird pollination. 
Kventuully. a similar pattern may be rtnognized whcm 
|N>llinalion b> binls on the m eanic islands in the Intpics 
has 1 ) 1*00 adfxiuateiy studit'd. 

f .4^ PoffiiiafMMi A Pn»dtt€*iivUy 

I ) Cov€»nutm Cocos iiiiHfcm. 

dlie combined islands in the Pacifu* an‘ the major (XK onut 


Coconuts do not require 
pollinators: wind is (‘(pially 
im|NU1anl (Ke\ an. .Section I.2). 
In Java, the white unbagged 
flowers piXMlucetl (bur to seven 
linu's more nuts than bagged 
flowers. And in India, yields at 
best were doubled with the 
inlimluction of Apis rerana. It 
is not uncommon lor .vO-7()^ 
of the (xM'oimt buttons to shed, 
leaving no more than 
maluiv female flowers. CtK-omit 
racemes |>ro<luce the male 
flowers first ami then female 
flowers, iherelore effective 
|N)lIinatois n<‘«‘d to move l)etwe<*n rac4‘ims^ lnH|iicntl\. In 
Hawaii, insects flying between the flowei-s included 
honeybees, wasps, flies and earwigs. In west Java. 
honeybet‘s earned more |)ollen grains than the other 
common Ih*c|Ic* and flv visitors. HoihaInss* lorage freely 
on i JKXMUil flowers, which ait* an im|x>rtant sounx* of jKjlIen 
and iKXiar in the tn>pics. Pollen is mainlv pr»*senUxl in 
llu* morning and uHist hoiH*ylxx*s forage lux lar inmi fenuile 
flowers in the aft4*m4M>n. Ihnax* ihiw will n4il 4>fl(*n 4 arr\ 
|«>ll4*n fnun male fh>weis (at tin* 4 ^ 114 ! of the spikelets) to 
female flowers (at the base) — a factor that has not lM»en 
(juaiitilied in the literatiiiv. In Costa Kica and K4‘uad4)r 
Trif^ona was the most 4'4)mm4>n |M)llen c4)lle<*tor. which 
impli(*d timy might lx* 4*ff4*ctiv4* pollinal4)rs. How4*v»*r. 
Triffitna inter-ferred with the aclivitv 4)f Ii4)nev l)ees by 
attacking them at the flowers. 

2) Th€*obrm9ta cacao* 

in Suo lbmeand Pnii 4 ’i|M*. c 4 mxki plantalmnsiNrupv Ift.OOO 
hectares, and at the turn of llu* 4 *entur\ these islamis 
W 4 *n* the maj 4 »r (xkxw pnKluc 4 *i-s in llu* worhi. The yi 4 *lds 
of aiouixl lOOkg/luvIaiv aivonlv 10 - 20 ^ of ll) 4 )se achieved 
by some Afrir iui tuitions. (^Ktui 4 )rigiiuileil in Suith America 
and was distnbut 4 xl to Pacific 4 N-eanic islaiuls laig 4 *ly from 
Afri 4 'a. PriKluctmn ami yi 4 *ldson the iH* 4 *ani 4 - islands have 
stagnat 4 xl 4 ir <i 4 *cli)uxl. (aiiTimt yiehls in Fiji ami Sumtia 
an* a imxk'st 2 (XK 5 ()() kg/lux tan*. (^x xw is quite im|xirtant 


pnxlm ets after liidonoia. India 
aiul the Philit)piiu*s. Lick of soil 
on 4 oral atolls mak4*s 4 xH-omil 
virtually the tmlv land-based 
export ixunmodity. Coconut 
palm gr4>ves pr4)vide a major 
crop in Fiji, .’sanma. Vanuatu. 
Frem h Polynesia. Wallace and 
Fatuna. (biam. Amlaman and 
Nicobar islamis. Conmn)s. Silo 
Jbine and Principe. Coixmuts 
an* ilix'lining in iiii[x>i1ance on 
N«*w Caletlonia. Jbnga. iu»l tlx* 
CtMik and Sevchelles islands. 


\\ 
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on ttio(]oii)oix)>an(l is a minor rn>|) on ihi* SoychelUsi and 
\aiiiiatii. Tlir HoutMS nuiini) priHliicr a slii-k\ poINm. 
Klsfulien* in llie liupirs (lit* main pollen dejxisiling \ W\Uns 
an* FoirifHmnia inidg<*s and gall midges. Sm‘(! fomiation 
|)er flower is oflen l(wv Inil in OiUral \meriea il \arled 
as iniirh as I UXfO'r Iw'lwetm loralions. In Malaysia, K*ss 
llian W( of the llimeis loniKHl |xkIs due to the eomhin<*<l 
elTeels of p<M)r fniil s**t and disease. KUewhen* in tin* 
tropics the midges breed in nulling vegelalion. 

None<»f tl»*s«*si\ islatHl<'ountn(*H ha\ea pmNemof Tri^ona 
l)ees n)l)bing |H»llen fnmi flowers: these l>ees aiv ran* or 
alisent (Table 2). I'bilimalely. stneral sj)eeiesol /■bn yxinnw/ 
midge exist on main of islands in tht* I’aeifie. lint which 
flies aiv eibn tive |Millinatoi> on these islands, and when- 
the) lm*t*<l. remain to Ik* in\estigate<l. 

!t) %<»ffoir friiil* i^assifiortn 

This fruit remains a niajt>r e\|M»rt item for Nine, while 
Fiji and Hawaii are anarng the six main prodm ing 
(•(umtries. Cnilivalion of this Neotn)pieal vine extends 
to the mort' is4>late<l moimlainoiis islands in Mienaiesia. 
Tahiti and Pit< aini. 

VIlow |»assion fiiiit has a large, pnmarib white flower si» 
that onl) laigiT insects regnlarl) 4 -onta 4 t iIm* stigma wlu'n 
the) set*k nectar. In Hawaii. ll><‘ commonest, largest and 
hairit*sl flower \ isitofs were tin* cariK*nterlKe. tin* li 4 HK*\lx*e. 
the ditme fly and a given bl(»wll\. In the (]ariblM‘an most 
Ik>ih*)U*4's iiMxl the floweiNJrtil) lormx tai; Nix tiu collevting 
1 . mellifira aiv t(X) small to l ontael the stigma on a ivgiilar 
Uisis. altlHHigh the) touch sligiiuts iis the) s«-aivh tin* flow<*r 
for rewanls ( 1 .. Ksc-oUir. pers. c<»mm. to I). Kouhik). \ 
V 1 ala)sian stud) showed that dorsala and cerana 
nsuall) deph'teil ne< lar lM'fon‘lh 4 ‘ 4 *f 1 <*< ti\ 4 *eaii>enl 4 T Ik*<‘s 
< ame ti) tN)llina(e the floweis. wliii h <lisconrage*<l \ isils h\ 
the ear|K*nler lM*es. Fly visitors also aiv imtikel) to 1 m* 
efT<*ctive in |K>llinalion if the) \isit the flower for iieelar. 
In Fiji, where tluTc were no caqienter bees, yields of 
|>assion fmit were incivast*d .'KMK/r with hand |M>llinali<in. 

Hand |>ollinalion is largely n*s|M>nsible for |»assi{iii fmit 
re<|iiinng up t<» three limes as mneh lalnir as other ('io|>s. 
This recluees the net margin l«> low levels for growers. 
\p|xnvnll) noefloil has lxn‘n made to inlnKluceeaq>ent4-r 
Im'i’s to Fiji and imNiiicimn tlunv has di*elin(‘d. On Niiit*. 
a scientist that invesligate<l passion fmit pollination 
recomnuMided that eflbils 1 m* made to fiiiil a sjMiil (variety) 
of imssion Iniil with asniall(*r flower, riiis wonkl allow tin* 
Iioik'nIh'c to Im‘ an (‘f1i‘cli\e |M)llinator. \\ hen snl>s4*(|U4‘nl 
initial imestigations on the snitabilily of intitMliu'ing the 
Hawaiian <*aiiM‘nl«*r Im*<- weiv nuule b\ anolh«*r scientist 
the im]M*liis to n*sobe this iiuHle({ua( ) in [iriNliuiion had 
alreaily Imvu K)sI. This case n*veals the iiiefTecfiveiM*ss 
of tr) ing to make the flower 111 the |)ollinalor. rather than 
pmvHling an efT<*eti\e pollinator for the ciop. K\<*nlually 
lh(* n*comimiidation for earfM*nt<*r In'c inlnNliu lmn was 


Ibnnall) iv< (mk*4l. in 1*/X). In New Zealand the author 
has Si's'll that (|U<'ens lA Homhiis {om^siris and H. ntdmilus 
ba\e|»otenlial aseonsislent jxillinalors f4ir/Vxv///om. Hie) 
conla(‘t tin* stigma whih* visiting lh<* flower for n<*etar. 
Thus, an allernatiNc is to ex|K*nmenlally iiitnKluce these 
Im*c s|MH'i«*s to Niue. 

I f }Uu'€t€i€tmUtm fUtvttdttmut initHfrtMUt. 

This cmp originally came from Australia. The small trees 
ha\4‘ |M‘ii4liil4His racemes with small flowtns. Hawaii is a 
majiir pnMlin*erof Mticadamiti nuts, and l/mW/imm is 
the thinl iiMsit extensise Hawaiian c*mp. In the UXXki. Fiji 
attempted to <li\ei>iif) into Macddfimia production but 
(ailed dm* to a \ari(*t\ of jimbh'ins. 

Ib'search in Hawaii and New Zealand has shown that 
s4Hiie varietu's ivs|mhi<I to ci-oss-jM)IIinati(Hi. During two 
)cais nut-s4*t was incn*tLs«*d 70. 10 ainl 09r in llmv \ai'iHit*s. 
wh<‘U one homwbei* hiu* per trt*es was supplied in 
Hawaii. Queensland stmlies in the 1080s show<*d that 
Trifsona were mon* effe<iive |N>llinalors than hone\lM*es. 
lK*caiise the) consistently eolk*< t<*d fiolleii frcmi the flowers. 
Folh‘n>c‘oll(*cting hom*)bees w<‘n'. how«*\<*r. efllM tive 
|M»llinalors. In \e*w South Wales, lK*elles were llu* only 
otIuT flower visitors {u l ari) signifi(*aiit amounts of 
|M)lh‘ii among M^iaidamia f1owei>;. 

and other t^uvurhUs* 

Wateniu’lons are an African plant widely cultivated in 
Pacific and Indian (M vanie islaixls as llu* major cucurbit 
en»p. Only on Tonga and Fivneh Polynesia is piXMliietion 
as high as l-A.(KK) tons. The yicMs ai hu'Vtxl in Tonga. 
Ouam. ami Fivih Ii p4)l\rH*sia an* halflhat of Asian eoiinliu*s 
having intensive pnKluclion. 

HtMU'viH'es an* shippi*<l lM*tween islands in Tonga for 
wal<‘rmelon and s({iiash tM)lhnali(»n. The inlnMlucImn of 
honevUvs to Tuvalu was nuule so that cucunil»ers. nu*loiis 
aiul other en)|)s did not ni|uire jxillination by lumd. A 1^X)| 
ivvic'w of |iollinalion in Kun>|M‘ eonelud(*<l waU*nnelon was 
m(Mleral(*l) d«*|M'ii4k*nl on honeviN't's and s(»lilar) In*cs — 
other ( iK-ud tits lN*ing moiV4l(*)N‘tMk‘nl|s4*<‘ids4iSrtH»n l.5J^). 

Mauritius, with a [K)[Uilalion of 1.1 million, is the only 
minor piiKlucerof f)iimpkins. K|uashes and gcnmls anuaig 
the (K‘(*anic island nations. Mauritian )i(*l< Is aix'alNnil XWf 
ofthos<>aehu’\(*d in Ohile and other large fmxlucers. w heiv 
the native s)M*< ialisl s(|uash and gourd lM*es. f*(‘iM)na/Hs 
and \enofili>ssa. are found. (aicumlM*r yi(*lds in (aiain 
and Mauritius are average for Africa ami ()< eania, 
n‘s|M*(iiv4‘ly. Woiiver lunievl>ees4lo ni»t transfer (xillen ver) 
well in the larger r iu urbil flowers. lM*eaiis«* they do not 
ne« 4*ssiinly (‘ontaet the stigma when they ecrller*! nec tar 
frtMii the female flower. In pumpkin {uilehes. the author 
luLss<*en that iruliv idual honeyUwvoHvers often lx*twe<*ii 
female flowers and may even discard tiu* sticky |M)llen 
(nan male fliwvers. In llu* New /j'aland region, larger 
bumbh*lM‘(*s <-ontacl tIu* stigma more ofl(*n. On islands 
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willmiil lH*es. riirurl)ils t*»<jua^hes. riiciinilw*rs) 

to HHviu* [)ollination by hand, riuis it is likely that 
the fre<|iiene\ of (mil set. (H*e\en cost of pnMliH tioii and 
fniil si/e may l>e impnned on <K’eanie islatuis if more 
elTeetive |Milliiiators uiv made uvailulde. 

S ) . Icfcfilioiial vnpps* 

(i(«nmen*ial vanilla {\anHla filamfoiia) is an (Hx hid \iiie 
(hat came (nmi soutln*rn Mexico. It now aci ounts (or 
merWK/r oflliee\|»oi1 income in llieCcMiKinis, ami Kivnch 
Pf»lym*sia Iuls r<*siin»e<l limiU*d exfxjrts. \anilla lias |ie<‘ome 
natui-alized in Nine (ahitvusis is native lo the 

Sinlh Pacillc). \anilla usually net*<ls to lie (xtllinalt'd by 
hand wheiv it is ^nmn awa\ (mm its native cii^iossint' 
bee pollinators {Eulaema ftolrrhrotna. E. E. 

rinf'ulata and E. sfM’riitsa, see also Sei ti<ai 1.5). Clo\es 
{Syzygium aromafunm) are the se<‘ond most important 
<*X|KH1 crop o( the (^omoios. I'ew of the bisi^xiial (lowers 
form Imit. thus flowers neiHl cn>ss-|)o]lination. llone\U‘t‘s 
\isit the flowers, when* e\en m*ctar-collectinji work(*is 
should l>e laiTze enou^^i to (nHjuenlb contact the slipna 
on iheM* slinilis. 

Samoa and the Osik islands pnxluce l-2.(KM) Ions <»f 
a\<x ados(/Vrsm omemY/mi), but the\ aivgmwn els«‘when* 
tmi, on the Ciariar\ Islamls. in Micmnesia and on Kaster 
island. In Israel the si/e and ol the llowenloes not 

suit forajiiiig hone\bees. whi< h prefer [Millen oi other 
dowel’s, rile |Killen-<*ollectinfi lioneNl)ees are elTeclive 
[Nillinators. unlike m*clar collin tors. Hie la< k ol n^conls 
conceniiii" |Mtlleii use fortlu*s»* islands nmk<*s it inijMissible 
to evaluate wlietlier citnis. cm onul or [lasture legumes 
could have an adverse effect on aux ado pnxluction by 
com|Miiiij' for their |x>llinalom. 

Uetinion has become an important pn»diu‘cr ol the 
Malavsian tn*e \ lan^-ylan^ {Cananga (Hhmia) and it is 
the third most im|)ortaiit exiKii-t ciop for the Comonis. 

collect mx tar from the bisexual dowel’s, but 
othenvise nothing seems to ha\e been recorded on its 
|M>llinati<»n. .Smrsop.custanl apple and sweelsop. \nnona 
s|M'ci<‘s.an* miiu»r (hiitson Niue and other tn>pical islands. 
In Brazil. d\nasline st’urab Ix'etles wen* important 
|M»llinators of large-Howered Annond s|x*cies. while in 
Isniel. nitidiilid Ixvlles weiv the most ini|M)r1aril )Mi|lirialors. 

Colton {(/(tssvitium) was once the major crop on 
Mauritius. Thii1v-six endemic cotton spe< ies are found 
throughout the world, iiu ludirig one on the (mla()agos 
and Hawaii. Colton, sunflowers {flelianlfnis) ami 
litchi {S}ZYgiitin lilchi. often gi\en as \ephelium litrhi) 
are among soim* of the cmps attractive lo liees and not 
grown in any (|iiantit>i on oceanic islands. Frci'dom of 
llu*se I’lops from |H*sts on o4'(*ani<‘ islands may In* of 
some advantage. Sao Tome and Principe priHiuce palm 
oil. but Malaysian e\perien(*e (see Section 2.5) has 
shown that improved production can be ai hieved with 
introduction of a pidlinating vve<*vil. Other oceanic 


islands may <liversil\ in agriculture by including this 
palm, if they also inlrmluce the weev il. 

I. l-'i Setwiing Pofeiifkil fV»fliiialor» for 
IlllfVMllK'fiofl 

PitMluction of commercial cmj»s and sulisisitmce cro|)ping 
on lh(* oceanic islands has priK'e(*dt*{l with little or no 
thought of the need for the original |H)llinaloi's (Set liori 
2.2l. IntHHluclion of lx*ekeeping lo manv ol the (K’eanic 
islands and the action ol local generalist iiwcl (xillinalors 
has allowed at h*asl nuxlerate pUHliiclion to lx* a(*hiev(*d 
for many cio|)s. Nevertheless, most island comiminities 
n‘ly fieavily on a few crops (orex|xjrt earnings. The hick 
of other generalist |Ki]linalors such as the >tingh*ss lx*es, 
caqxMiter lx*es and bumblelM*i*s has hiiideuHl pitKiuction 
bv yellow |>assion fniit and may lx* a contributing factor 
lo the indifh'retil perhuinance of some other crops. 

Cn>ss')K)llina(ion and |M>llinatorreliabilitv are influenced 
by the s|x*ed of movement lx*tween flowers, movement 
lx*lween plants and pn*fei’enct‘s for sunounding flowers, 
ami vet thesi* lai’tors have not been assr*ssed (or hx'al 
fiollinalors on (K*eaiii(* islands. Neither has the role of 
com|x*litive bhxaii on liouevlx*e loraging lx*en assessetl. 
except for macadamia in Hawaii. 

1lie intnxluclion ofselei’led lx*e s|x*cies and manageim'iit 
of others could allow (or diveisilicat ion or impmved yields 
for islands. (*s|K*ciailv in the s<nitliem and eiLstem Pacific. 
Seven critical i riteria ivipiired f(>r candidate s|x*cies for 
ini)Kirtation iriclu<le: 

f ) Cl .viiiiifcir liciMfcif ciiicf c*fi»Hilc* in llic* 
nHikttttf flic* uifrcMfiic*ftoii 

2 ) flic* fibilif;/ fo poffiiiafc* flic* f«ri|c*f 
flcm*c*rx 

3) c*oiiipaf ibilif with liiiiiiafiic* 
lioiic*jtffK*c*ic ciiicf oflic*r ffoiiic*sfic* ciiiiimif.v 

4) frc*c*ffoiii fi*«Mii c*iic*mM*.Y ciiid ffL«c*ajvc*.s. 

>fpc*c*ic*» for tiifrodiic*fioii .«dtoiifcf iiof; 

o) cfixnfpf oflic*r arfliropcMiff 

H) dijvncpf polliiicifioii of ofltc*r c*ropi( 
or iiafif*c* ivpc*c*ic*« 

7) c*oiifr{l»iifc* iciididff fo pofliiiafioii 
Cl lid 5fprc*cid of iiicijor tc^*c*d.<v« .viic*li ax flic* 
c*oiiipoxifc*x« Voopoora burr (XantMum 
.xficHiariiiiii)* Idxciiro fobac*ro irc*cd 
fFxc*iidc*lc*ptoiifopic.x .«pic*aficx). c|iiai*ax 
ff*.vidiiiiii) and f^aiifaiia. 

'Px'st* W(x*dsim* iinlikelv to show eiiluiiK'ed sixil pURluctiiHi 
if new pollinators are introduced, because ihev can 
eith(*r lx* (x)llinat«‘d bv g4*neralist {x)llinat«>rs or butterflu*s. 
(hmev cr. the inliiKliirlidii iif lar^r gcnrralisl |Mil|jnulinu 
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raiiM*nU‘r or InimhU'lxt^s coiiM aHW-t |K»lliiiahon. 
|Ktrti('ularl> of wet^ly Passinnrareat*aiMlSolaru» t*ar/nn* 
(T«*<*jxT|>oktMn l>unana jxission Inill. hissijjoni mollisinw 
is a significant in native haliitats in Hawaii, luit the 
author has ohsentnl that its floweis are l«*ss allracli\e to 
[nmil)le)M‘(‘s and honeylM‘<‘s (‘onifNirnl to other Passifhiru 
s[M'ei«^. (^arjKMiter liees and to some «*xlenl lioiie\hee> 
are likely to effect most of the (Toss-pollinaiion of 
hanana passion fniit. Caipenter or himihlel>ees can 1 h‘ 
safely inlnxlueeii to .Niue. Un^aust* this wennly l*assifhmi 
lines not iM*eiir lheif\ unlike Fiji. On Fiji, tlie {M)ssil>iii(\ 
of eradicating this \ve<*fl should l>e assesse<l liefoiv tr\ ing 
to intmduc(‘ the eaqM*nter Im‘c for |Millination. 

In Australia. AmegiUa and Somia liave lieen tin* most 
eftiH*ti\ecmss-jiol!inatoisof.W/wai/n s|»eeies. whik* Trif£tnui 
is more sigtiificaiit for within~)iiaiil < rossing. Flowei-s of 
Solamim offer only pollen, which bees may <‘olIeel 
surprisingly <|uiekly. so that few aix* semi visiting the 
flowers, ('.anadian researehei*s foumi Sit/atmm was a 
primarv siKin e ol {lollen in the m^tsoi humhleU'es. Thus 
if hurnhlehees or Trif(oii(i were considered for crop 
[Millination on a Paeille island, their (mssihle iin)Ki< l on 
[Killinalion of Solantiin weeds should U* assessed U*lore 
making siu'h inlnHluetioiis. 

Hie safest new |M>llinalors to consider for inlnKliiction tii 
islaiul coiniminities would lie the squash U‘«*s PpfxmttfHs 
and Aenog/avsYi l>ec*ause they cmieenlrdte on the llowers 
of Curciil>itaeeae and an* not aggn’ssive. slinging hees. 
So far, the single attempt to introduee sipiash 1 kh*s to 
ITiwaii has ap|KmMilly failed, piolmhiv U'caiise too few 
could Im* n*lea«*d. Hekasing wt*(*viLs i(H*oih|ialm |M>llinalion 
s(*ems likelv loU*a s^ife inlitNiiielion. (^ai*|Miiler Ik'i's fmm 
Hawaii may Im^ inlrodue<*<l toother islands without nsk 
to timlMT in buildings or [Mists, and then* are no other 
appan*nt risks, apart from pollination of soim* we<*ds. 

Parasite- and relatively [)athogen-fn‘e Inimbleliees. with 
mild tem|M*ranM‘nls, might Ik* inij)ot1t*d from Ni*w /<*aland 
orelsewhen* as g«*nerali/.<*tl. nnmanaged |Millitialoi's. Thev 
wonki |M>llinat<* |mstuiv k*guni4>s. fruit imps and cuivubils 
in highland ivgions of moiinlainous Impii’al islands or on 
those such as Ascension or Faster Island where upper 
grouml temperatures seldom exce<*d and air 

tem|ieratures remain in the uj»|)er 30s. The extent of 
[Kissible infections of (|ueen liomhus fmm Impic al Snilh 
Anu'iica by intenuil fxirasites has yet to U* detenniiu*d. 
Costs of quarantiiK* and ivmmai of parasites and diseases 
could pmi lude im|M>i1ations fmm Ix'lng made at pn*senl. 
even though rearing enough of these ’poekel-making' 
s|)e<*ies is now teehnically |)os>ihle. Th<*se Fen idoInMnlms 
fonii .small colonii^ in pmleeU*fl sites and defiMid th<*m 
ndalively aggivssivelv. conipan'd with other liuml>lelM*es. 

The intnHiuclion of slingless liees for mai adamia and 
av(K*(Mloma\ U*sup|)oilMll>ecauseoftbeirn*lalivee*fllcieiK y 
in |Nillinalion coni|mred to hone\lM*es. and their abililv to 


ot'ciipv dinen*nt nt‘sl sites as unimuuig<*d |x)llinalots. Trifiona 
in Australia are Iretjuent visitors to flowers of papava. 
|Ki.ssion Iniil. mango. giu|M*and giiindilla. Siiitli Anu*n< an 
slingless bee species ol the Tri^omt s. str. do have tlie 
|M)tential for nobbing llowei's <il nectar and fiollen. while 
aggressivi'lv defending them fmm legitimati* |Millinatois. 
and sii(‘h interactions should Im* assessed before 
introdia tions are attempted. Iiu reasing the sim ks of 
honevlK*e hives could have some adviM'se efiei ls on <<*0(1 
fonnalion in a li*w k'gima* vvetxis. «*s|M*eially gois<‘ in the 
uplands of Hawaii. Honeyliees and, to a lesser extent. 
H(»nhus tenrstris are the imin [loliinalois of goise in Fngland 
and fmm th<* authors observations, in New /<‘aland. On 
(Chatham island extensive areas ofgoise lonned verv little 
see<l. unlike (Hitches nearest to honeyiKH* hives. On the 
Chatiuims iht'U'an* few madsatKla low ik*nsiiv ofhoni'vlNx* 
hives or feml i-olonics. and no other Ixvs a|HUl fnMii Hrlaeus. 
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I.5 \PPUKD POUA\lTtO% 
l\ THE W ll\LI\D TROPiCS 



Tlu* rt‘i|iiirt'im*nls lor pollimilion l»y instvls of crop 
plants throughout the \>orhi are presented in I\m» 
i‘iu \clopedic \oluines wliich summarize the stale of 
kmmledge on a (•rop-hy-< n)p ha>i>. These one 

h) J. H. Free (1070 and secoiul edition. 1903) and 
anollierone hy S, K. Me(ireg<n ( 1070). aie indi>|)ensahle 
as referenee materia) hoth for 
development of l>eekeepin^ and 
on tin* roles of liees ami other 
animals in pollination. \\ hat also 
emerjtes from these h(K)ks is 
the lack of kno\\ ledge aliout 
tropical and suhtropical crops 
(AppemiK 1). Kesearch on cnip 
pcdlination in the tropics, and 
on eccniomically \alual)le plants 
in general, is urgently needed to 
fill gaps in our knowledge, to 
H'solve (‘onlusing and conflicting 
studies ami to suggest ways 
of iin|>roving produ< l ivitv 
hy pollinator management, 
conservation and other means. 

(iiven the contrasts l>etween tin* 
tro))ical islands (reviewed in 
Section 1.4) and large <’ontiiieiilal 
ureas, it is not siii*|)rising that few 
plants <-um‘ntly under <’ullivation 
originated on oceanic islands, 
where the nuniher of potential pollinators is limited. 
The l4K*aIities of plant origins (Appendix 1| show that 
of ov4*r 1.330 cultivated species there are nearly e<|ual 
nutnhers from Asia and tin* Neolmpics. Africa has 
provided half us many as either of these regions, the 
teinp(‘rate zone oiu‘-fourth as much, and Australia 
harel) an eighth <if the mimher fn>m the \4*o-tn»pics 
or tn»pi<*al and siihtro[U(‘al Asia. Kurthermon*. over 
half of the <‘coiiomi(*ally significant tropical plants 
originated in areas where honevhee species 
naturally occur. The Neotropics. S<»ulh Pacific 
region and Australia lacked Ajns. 


mainland ln)picsand sul>tnipics as piKsihl**. Somesj)ecies 
of the highlands are als») treated in Se< tion 1.3. Native 
and im|Mirtant intitKlm ed plants, excluding ornamentals 
and main wetnls. an* tii‘ated hy gmups that schmii logical, 
reganling ex|K*rience in each of th<*se n*gions. 


TdinurimI - Tamarindus 


diillirr 


ovar) ts<*< Uoin 


Ippficd Polfiiicilioii in .t«ia 

Crops are categorized in the manner followed for 
Appendix 1. although not all th<> cati^gories seemed 
worthwhile to iiu lude in the treatment here. The 
cultivatml plants, their hreeiling systems, and the 
|K)llinators ust^l or de|X‘n<l(Mi upon lor {Killination are 
disciiss(‘d as rt'latixl to: a)fniits and nuts: h) regetahfes: 
r) cereals: d) drug, hererage. condiment and spice 
plants: e) oil cntps: J) fttrage crops: g) timher trees 
and natural regetation. and h) fiber plants and 
isoprenoids {rubber) 


Our working knowledge of |K)]linatii>n among tropical 
plants is limited, hoth considering regions where the 
plants originated and where the\ are grown today. 
.\p|M*ndix I reveals that of ap|>n>\imately 700 plant 
species for which we have some data or can make 
14‘asonahle gut‘sses. ()(M) have some asscK'iation with 
hees. ami 100 do not — at least as far as we know. 
Our knowledge i-onctaning plant hrcedingsysUnns and 
the relaliNe |M>llination value of each of tlu* (Iowit visitois 
is even less <dmph*te. 

In following sections we discuss (lollination ret|uirements 
of as many e(‘onomically important plants of the 


I ) Eruiis itud ttiiljv. 

Tn>|iical and suhtropical fruits are ver\ diverse in Asia. 
The |M)lliiialion leijuiremeiitsof many are at least (>ail]y 
uiulerstiMMl, In Citrus the situation is complex. The 
mandarin oranges are dej>eiident on. and greatly l)enefil 
fnmi. cn>ss-|Killinalion. l*ununelo should lx* inteqdanted 
with other ciillivars for < i*oss-pollination and fruit set 
to take [dace. Most ranges do not d<‘)xmd on insects 
for p<dlination. hut may lament from it. mainly hy 
proilucing seeds. Lime pollination has not heen well 
studie<l. hut cross>{X)llination may he heneficial. In 
lemons the data are conllicling. van ng fnim statements 
about ptdlination hy insects lieing completely 
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iinntM'es^an lo oiiU‘ii>ssing or fuoilitation I>n clt‘|Misilioii 
of ()oll«*n In'ing nujuirod. All (»f llu*st* ci-ops inu\ xaiA 
willi llir |»arii(’ular (‘ullivar. Crapejruits do not ro(jiiir<* 
rross-{)ollinalion: and cilnis Invs are excellent sources 
(»f ne< !ar and ()ollen. 

\ftfile.s (see also Si*clion 1.3) generalK n'ciiiire inler- 
plaiilings of \arielies. along v>illi cn>ss>|>ollination l>\ 
insects. /Vor is similar. i)iit is not a gtHnl l)ee plant us 
llie nectar is water): Im*cs do im> 1 collect the pollen. 
Hums and prunes are mostly sell-incompaliMe; tlie\ 
re<|uire insect pollination and offer g<»od nec'tar and 
pollen foitige (or hees. Apricols are \arialde in tludr 
pollinator re(|uirements ileptMuling <»n tin* \ari<‘t\ or 
cuili\ar. Cherries ( aniiot self-pollinate. hut some are 
self-comf)atihle. Thus, inter-plantings of \arieties and 
the pH'sence of lavs lor |M)llinalion ar<‘ ad\ ise«l. fh'uch 
and neriarine |Killinati<»n is not well studif*d. despite 
the economic importance of these <*rops. \l least 
some varieties ap|M‘arlosel fruit using their own fxdlen, 
hut eross-p(dlination hy het‘s is m^eded (<»r good 
crops. All these Uosa< eae are goiMl nei taraiMl p<dlen 
plants for hees. 

\v(M*ado {Persea firalissiuia) is gmwii widely thnmghout 
Asia and is de|M*ndent on er«)>s-|K)llination hy insects, 
(laramhola or star fmil { \ierrluHi t untmlxtlu) and ilimhi 
(d. hilim-hi) are similar, as are /iziphus {/. jujulm, 
jiijuhe and /. mauri-lonia. her), \ephelium species: 
A. liU'hL A. lappuee-um. A. lonpun, lilchi or l\c*hee. 
ramhutan and iongan are excellent lame) plants and 
seem to dt‘pen<l on iiis<*ct cn»s>-jM»llination as well. The 
mango {Maupijera imtieu) generally retjuires inst‘cts 
for polliiialioii. hut (*ross-pollination lo'lwetoi 




culti\ai's is not needed. Papasa {Cariea pafHiX(t) has a 
c’omplex hreeding system of male, lun'inaphroilite (3 
ty|M‘s) and female (lowers in vvhi( h the best fniit reMdts 
from cross-p(dlinations. Bees are sometimes 
r4H (unmeiMh*<l as pollinators. They < ollecl |M)llen from 
male and hermaphrodite flowers. The normal 
Neotropical p«dlinal<»rs. however, are hawkmolhs. 
IVi'simnum {Diospxros kaki) is dioecious (see S‘ction 
2.3.3). and some cultivars proiluce fruit without 
{Millination. hut most cannot. 31ie flowers pn)duce nectar 
and pollen ihst aie used hy In-es. Mc(iregor 1 1973) lists 
Diospyros disrolor, the maholo. as de|M*ndent on insects 
for pollination, lioneyhees are the most important 
pollinators <»f phaisa (Creuia asiulieti) iti India. In th<‘ 
l<Hjuat {Critfltofrui juponira) heiiefits {nun \ isilation h\ 
\pis and Homhus, and is minimallv self-pollinating. 

Durian iDurio zihelhinus) is cro^s-|Mdlinated hy hats. 
Ilie llowers an* also an ahiindant source of nec*lar which 
is used hy hees. It has a slimey consisteimy and an 
off-smell, rhe Mmivitps and eustani apples ( In/mno) 
have U'en sludi<*d only slightly in Asia. when*, as in 
South Ameri(*a. the) appear to he |H»llinati‘d hv heetles. 
These flowei-s have almost no nectar. 3 he j-herimoya 
( 1. eherinwla) of South America recpiires at least 
some croNS-|H)llinatioii. 

Hn*adfnnl. jackfniit { {rhHuqms), nKMiihins or hogplums 
{Spondias). jandms. jamholans and related plants 
(.Sv^vg-h/w). hignay {Antiilesmu^). olaheile-g(M»>ehern 
and miraholaii {Pfnllunthus), lingaro {Cleagnits 
philipfHmsis], wampi {Clausetui lansium). sa|)ole lelalives. 
star apple, sapodilla i.\fanilkura achrus). egg fruit 
{l*ouieria aiiniMrhiaim). intKHiuced fnmi Snith America, 
all prohahly heiiHlt from inse(*t fstllination. 
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(Jreeii supote (Calocaritum r/r/r/<0. Kiiiieala pliiiii 
{Flacourfia ratafthracta). kei apple uikI kilernbilla 
{IJiH'yalis) recpiire inseci |Millination. Ollier Indian plum 
relatives [Flacourtia). mangosleens {Garciniu), maniev 
apple { Mammea amcrirana). guava {Fsuliiim) are known 
U) henelll from eross-pollination l)V insects but the 
extent of their (!e|Mii(h‘nc»* is not kncnv n. Haiianas {.Mumi 
) in the wild are pollinated by verlelirates. whereas 
the cultivated plants set fruit pharlhenoearpically. 
Among the viney finit filants. the Chinese g<H»sel>erni nr 
kiwifnjit {Avlinulia deluiosa) is dioe< ious and re<juires 
cm>s-|K)llination by |)olleiwoIlecting l>ees. Wild gra|)e 
is similar, but the domestic gi'a|)e (I, rinifcra) van 
s«'t fruit by s<‘lf-orwind-|xjllinati<»n. Ik*e |K)llination seems 
to iiicn*asc fruit set in souk* varieties. I’ollinatijMi in |>assion 
fruits {Fiissijhtra) is complic*at<‘<l by the* stnicture of the 
flower. They n‘<|uirfM-ross-|x»llination. Inil honeylM*es may 
not always ac<'oinplish this. Car|K‘iiU‘r Un's (VvAmo/x/) 
seem to l>e best. The shrubby pomegranate {Funiva 
fp-anatuw) has not lieeri well studied. Hu* flowers pmdiu e 


only jMillen. Pineapple {Ananas 
salinis) reejuin's (‘ross-|N)llination 
fors<*txl to Ik* pnMluced. but this 
umlesirable for table fruit. 
Ilonevbees cannot reach llie 
nectar, hidden at the base of 
the rtMidisfi tabular flowers 
which are |)oIIinaled l)\ 
hiimmingbinls in South and 
(icnlral America. Prickly pear 
{Opnntia) (lowers prov ide large 
amounts of pollen. Their 
pollination rerpiirements are 
largely unkn<»wn. 

From /Ac /bregomg, one can see 
there are ueaknesses in our 
knou'ledfie of fruit fiollination 
in parts of Asia. Incomplete and 
ro nfl icting report s nee d 
resofutitni. Varicuis fruits, such 
us diikus.jatnlms anrl others are 
mysteries — both considering 
|K»llination and their im|N)rtance 
as i>ee plants*. 

Among the nut plants of Asia. 
corMinut and nutmeg are 
iliscuss(‘d below. I he cashew 
iAnacar<liuin occidentale). 
imp<»rled from the Neotropics 
(see Appeiiilix I). is an 
important (‘ash cro[). India is 
the world leadin’ in priKluction. 
(!ross-|K»llinalion is important, 
apparently ac’complished by 
small insects. Peanut ( 1r«cA/.s 
hypo^ea) (lowers are visited 
by insects, including bees that trip their flowers as 
they collect the )M)llen. These visits seem to have a 
beneficial effect in crofi productiem. The almond 
{Frunus aniyffdalus) is dependent on insects, 
primarily bees, for fruit set. 

y<^ffotabU*s, 

In many vegetable plants it is not the iniit that is eaten, 
and for this ivason pitxluction dots not de|x*nd on inseci 
pollination. However, inseci cross-pollination is 
impoilant in obtaining .vm/s o( these plants, and their 
flowers are (►ften excellent forage (or bees. Included 
in tile list are cairots {Daucus cantta). cabliage. bitKcoli. 
cauliflower and other cole crops. {liras.sica oleracea and 
li. pekinensis). chicory {Cichoriun intybus) lettuce 
{hictura s<itiia). onions {Allium)., raddish {Haphanus 
satinui) fennel or saunf {FtMmiculum rulgare) and others. 
Sweet (M)talo (//wwnocu batata.s) and maniiK* or cassava 
[Manihot esndenta) are ginnl m*ctar plants w hose flowers 
are visited by many bees. H<‘es* idIcs in |H>llination are 
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not kiumn. Tin* plants an* pn)|)aj:al<Ml hy < iillings. hut 
so<xls are userl in luv<*(ling pi<»‘irains. 

For vejieUiMes in Mliicli llie Iniit is eaten, pollination 
must Ik* eonsidered — it often delemiines tin* size and 
*(pialil\* ol the fruit, as ein(dia>ized throughout this 
hook. Tfie eggplant {Sttlanum /«e^mge;n/) is poorK 
sUiditMl hul re4|uires |Hillinalion. for wliieli hees ran 
Ik* used. loinaloi*s (Luopersinm esculenlum) are not 
automatieally s<*lf-pollinating hut mo\enit‘iil <}f tin* 
plant causes |M>]|en to tall from the anlliers onl<» llu* 
stigmas, riius. uiiid. ins(*e|s or arlifieial vihralion uill 
bring al»uit fruit set. The hot j>eppei> {Capsicmn) seem 
to he able to hear fruit and seed in the same way as 
tomatoes, hut they d(j lM*ller il eross-pollinati'd. I’lu’ 
n<nw*rs ot solana<*eous crop plants (inehuling potatoes. 
Solamw) InhfTosum. from which see<ls are grown to 
pnHhu'f* see4l-|H»lat(K*s for plants) are luA allra<iive to 
many bees (see Section 2,.‘T2) hut probably would 
Iwnefil Ironi tln*ir loraging by lM*iiig rnon* |>ro(luelive 
in fniil (luaiility ami (|uality. The eueurbit vegelal)les. 
pumpkins and squash {Ciicurhila) eiuminbers and 
gherkins. {(Atrumis satii us), balsam pear t l/or/m>r//ru 
channtlia], musk melon {Citrumis mrlo). otlier 
watermelons {(Atnilhis) and g<»urds. including bottle 
gouni {f,(if'enaria sivemria). ash gminl {fienincdMi 
hisffi(la) and sponge gourti or lulTa ihiffit 
require pollinators for fruit set. Iit*es are lh<* 
principal [Millinators. Okra iHihisais esculenfus) is 
self-pollinaling but is well visile<l b\ l>ees. Tlie value 
ol oulcnjssing has iu»t been assessed. 


Of the p«*riodi(* crops, semi>seasonal crops nr piifses. 
cow peas {Vi^na sinensis) are higidy attractive to 
bees. l*ol I i nation is best effected by large bees, 
rather than by smaller bees or honeyb(*es. Large 
bt’cs lik4* Xylocopa or ChaliaHlonui are profmbly the 
chief pollinators of the horse bean {Cannvnlia 
ensijonuis). at least in Indonesia, although this 
species and the swonl bean (C. p^laJiala) an* r«*|KMled 
to be self-p(dlinaling. The lentil {Ia^hs iulinaris). 
mung ln*an [Phastntlns anreas), ami gram {Cicer 
nrietinnm) are thought to be self-pollinating. 
Ilorsegraii {lAthlnh n/ger) rccpiires pollination by 
insects. However, the pollination r<*quirements of 
many leguminous crops are unknown, altinmgh the 
wild prog<*nilors almost certainly all needed insects, 
preponderantly bees. Soybean {(Jlyrine max) has 
been c<uisi<lered to be self-fertile. However, the 
benefits that bees bring in terms oj incr(*a.sed 
seeil-set and oil yield suggest that mor<* research is 
needed to clearly establish their value. 

3) €'t»Bu*alsm 

Mjjst cereals are imle|>eii(lent «)f insects for pollination. 
WimI pollination prevails in the grasses. Maize f/eo 
mays)» although a pollen source for be4*s. is wind- 
|K>llinated. Main ceh*alsdo not rx*|)nMlu<‘e b\ pollination 
— llu* grain de\eh»ps apomiclically. IVarl inilh*t 
iPrnnise/n/n lyphaides) may benefit from insect 
tiolliiuilioii. as bees are sometimes abundant, collecting 
pollen fnmi tin* llowi'i's. 



-I) 

ciiicf .vplr<> 

pfcitilK. 

There is no coni|)reherisive a«count 
ol [Millination nee<ls among the w ide 
vari(‘ty of medicinal plants grown 
throughout Asia. Many are not 
economically promiiH>nl (yet) and 
are grown in small patches for 
s|K*< ific uses. Poppy {Pnfiaivr sonmi- 
jvrum) is grown for the illicit drug 
trade. Il pnMluc es only pollen and is 
visit»*d extensively b\ |)ollen-foraging 
1k*«*s. rile number of seeds pr(Klu4‘(*d 
is greater when p<dlinalors are 
ubundant. Ht‘n]\i{('<inahis safira) is 
wind-]M)llinated. but th<* male floweis 
are visited by bees lor pollen. 
ToIkic4*o (A/Vv>/iVmu)cross-p<»llinalion 
can be brought almiit by lumeybees 
for hybrid seed production. 

Coffee iCoJfea) production <*an 
be consi^lerably enhanced by 
augmented pollination with 
honeybees. Ciiffee flowei-s are als<i 
a good source of nectar, although 
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the honey il hitler iiiid of no emiimereial value. Tea 
i(JamclIi<i sinritsis) is not a "cmkI hee plant. Hie small 
llowers are usually pollinated hy Hies. (aKuia 
\Thf‘ohrottia laraf)) is also pollinated hy small flies 
{h urrii>i/invi(i. of the lamilv Heralopojio-nidiieh hiil 
>oine polleii-eolleeling hees (e.«. Trigona and hisio- 


glossttw) may als<» pollinate the small llowers. 
ComlimenI and sfiiee plants have heeii nejileeteij in 
light ol pollination or value as hee plants. Theero|»> 
of eai'damoin (A7e//ono rarihimomuw) are mueh 
impro\ed liy honevlwe \i>italion.Pep(H r{/7/>#T ni^ntm) 
remains an enigma. Allhongh visited iailhfulU In holh 
Hies and hees. sell-[ml!ination. effected hy rain, is 
still snggest«*d as tenahh*. (aniander {Citiiandrum 
antinuu) is grown extensively in India and seems to 
lieiiefil from emss-(M>llifiatioii In l>ees and otliei inser ts 
in Kiirope. Sesame {Svsamum uulivum) is grown lor 
its oil-rich seeds and is reporteilly sell-pollinating. 
B<‘es eolleel neelar and {Millen from tin* llowers. hut 
their importance in emp priHliietion has s<‘areel\ Im-cii 
studied. In F.gvpl the wide varietx ol Mower visitors, 
mostly hoiieyhees. siil>.s(antially inereased seed 
yield in open pollinated plants compared with tlmse 
in cages). \<iuilla is grown in \sia. I’ollination is 
usually done hv liaml. Tin* niiistards are 


variable in their pollination needs, luit lhe\ offer "(mkI 
hee lorage and henefit Irom outcrossing. 

B»*e I Mil I i nation «il cloves t.Sy:?vg'n/rtt ununatirnm) re(|uiiv> 
onl<‘rossing. altlioiigli the clove ol eommeive is a flower 
hiid. Bees aie pnilkihK iintH>rtant. l)Ut other insects aiv 
also involved and mav lie 
more important in some 
pla<*es. riie same may l>e 
said ol saffron {Cronts 
sultms), wliii-h is harveslixl 
fior the floral stamens, hut 
is nonetheless |Hillinated 
hy hees. Nutmeg and 
mace are produced fmni 
M) rUtka frugrans. I'liis 
plant is dioecious anil so 
nH|uircsen»ss-jM)lliiialion. 
Mowev er, how this is 
aefiieved is nnknowii; 
Miiall inser ts, hees and 
wind have all been 
suggested. Allsjdee 
irimenfa dioint) is also 
dioecious aiul is elfi*cti\ely 
|M>Hinaleil hy lioneyl>ees 
in,]amaica (when* neither 
is native), (dniiainoii 
{(.inumomtun y\lanH um) 
n'ljuiivs ins<ti (>olljnaliiHi. 

5) Oil cropjv. 

The rapeseetl. imistard» 
and K'laled liuisskd are 
grown extensively for 
oilsei'd piiMliielioii in Asia. 
Hrnxsiva vamiJt'sfris is 
ilependent on insects 
(or pol I inalon: it is an 
exeelleni source ol t>oll(*n and ner'lar lor hees. 
/T jum'iut is als() more fruitful if hees are present. 
Niger {(ktizfUia ahyssinlva) is a good hee plant and 
seed yirdd art' greater when lieeliives are plaeerl 
ill niger fielrls. Sunflmver {Ihdittiithns aimuus) is 
being grown more and more in Vsia. Kvr*n though 
new self-eompalihle varieties are available, tliey 
henefit from cross-jiollinatioii and oil yields are 
grealer. Self-ineorntmtildr? \arieti«‘s nMjiiire inser t 
jmlliiialion and hees are the primurv agents. The 
Flowers pun ide nectar ol high iiuality and aUo |Mi||en. 
Flax (Liiuim imtatissnm) is grown for oil and fiber 
and hi'iieiits from outcrossing hv hees. Safflower 
iCkirthdinus linrioriws) is a goo«l s(nir<*e ol nectar and 
pollen lor hees anri yields more oil wlien eross- 
pollinaled. fhe oil palm [Klutds {^iiinef'n.ds) is a very 
r*oininereially sueeessful oil-prodiM‘ing plant in 
Irojiieal Asia also S«*etion 2.5). Il is fiollinaUMl 
rTfeelivelv hv weev ils). W Idle hees snim*tiiue> eolh*et 
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tli<* fM)lleiu it is not a ^(kxI forage jilant. The eoeonul 
{(^oros nucifeni) is grown for lh«* fniil prmitles 

food, drink, oil and fuel. K\ idenee is a(*enimduting 
slowly that eocomit prodiielion may he improved hy 
aiignienlt'd pollinalion hy hees. Wind pcdiinatioii 
is still apparently most important. espe<-iall> in 
plantations. The (•oc(nnit offers ample nectar and 
pollen to hee>. Castor hean {Ricinus communis) is 
not understood in terms of its pollination 
recjuirements. It is pollinated hy hees in Botswana. 
Tung i.Meurilcs fonUi) and tong ( I. monlunu) are 
gnmn for their nuts, which when pressed \ield oil 
used in varnishes, electrical insulators and protective 
coalings. \. fordii may he dependent on insects for 
pollination, hut this is still not (*lea?'. 

rrop.v. 

Alfalfa [Mcdirof'o s<itira) is gnn\n in drier parts of 
tropical Asia. It requires insects for pollinalion. 
honeylH*es and leaf cutler Im*cs are the most elledive. 
Kud/.u {Rueraria ihun-hergiana) is f>oilinaled h\ 
hees. Bersemi {Trifolium alexaiuirinum) has a wid<* 
variet) of pollinators on which it is dependent for 
seed set. Iloneyhees are effective pollinators. 

7) Ttmhi»r ciiuf luififral 

It is very difficult to ohiain information cm the 
pollination hiology of the more \ allied tiniher trees 
of tropical and subtropical Asia. Chan and Appanah 
hav(' discussed the role of ihrips in pollinalion of 
<ii[)terocarps and other trees in Malaysia, and 
Appanah has made some generalizations on the niles 
of hees in pollination in Malaysian priman forests. 
There are a few puhlii^ations on the pollination of 
plants of the tropii al fon*sls {set* (ietu‘ral Ihden'iices. 
e. g. Panayolou and Ashton. Bawa. \ppanah, Faegri 
and van der Pijl. Owens el al.) hut. in general, this 
is a much neglectt‘d area of holany. fore^tn and now. 
since many formerly forestcil areas are being 
replanted in limber species, applied ecology. The 
value <)f tin* forest tree> in hone\ and (Milieu har\ests 
is well known. 

A) Fibre plants aiuf riibbc»r. 

The most im(Mirlant fibre giant is cotton {Gossyinum). 
however, it is not thought to dejiend on insects for 
cross-pollination. In fact. (U'oss-pollination has heni 
considered detrimental, because the resultant seeds 
and progeny are not necessarily bred exclusively 
from the desired cultivar. Neierthele.ss. benefits do 
accrue from cross-lcrtilizalion — larger crojis. more 
oil ami hybrid \igor in (irogeny. Honeybees are us<‘d 
extensively in cotton fiehls where pure-line seed is 
not sought. The flowers 

produce abundant pollen and nectar. ka|)ok {Cciha 
pcnlandra) is a copious producer of nectar and 
excellent bee forage. In nature, bats are important 


pollinators but the trees also seem to 1 m* sell-fertile. 
Pollinalion of kenaf {Hihiscus vannahimis) is not 
hilly understiiod but oul<*n)ssing by be<*s may bt* mort* 
important than now thought. Sunn (or sanii) hem() 
iCrolalarin juncca) seems to require pollination by 
bees, at least for maxiimin fruit set. (.arpeiiter bees 
iXylocopa) are more valuable than honeybees. 
Cannahis saliva is wind [lollinaled but is used by 
bees for its pollen. Information on flax and coconut 
is given above (see also Section I.T). 

Bubber (//ereo hrasiliensis) Is (xdlinated by 
insects, mostly Di))tera (mitiges). However, it is an 
im|Mirtant honey plant in the tropics as many Irnes 
forage for nectar from the exlrafloral nectaries on the 
(lelioles of the leaves (.‘sections 2.3.1. 2.1). 

With the continued larg(*-scule cutting of tropiial 
and subtropical forests in Asia, attention must be 
(laid to ‘reaforeslalion* programs. In some cases, as 
with Calliandra introduced into java, beekeeping 
projects have gone hand-in-hand. Nevertheless, all 
too lillh* is known of the reproductive biology of most 
valued tindier trees of the forests (see Ap|H*iidi\ I). 
fo obtain seeds for reaforeslation. either by natural 
(irocesses or aided by human effort, the trees must 
be pollinated. If the trees are highly speidfic in their 
reejuiremenis for |Millinalors. and the (Mtllinalors finely 
attuned to the tree for their own reproduction, then 
orer-niHinf! could produce a vicious cycle of decline 
in both the |>lant and pollinator. These issues are 
urgently in m*ed «>f consideration. Honey lH*es or other 
managed pidlinator groups may need to be 
inc<»rporated in future plans to ameliorate the 
foresecabh* problems in such situaliims. 

C'olU'flixioti. 

One can rea«lily aj)preciate that many economically 
vital |>lants of tropical and subtropical Asia are 
‘unknown* insofar as pollinali<»n r«*quiremeiits are 
concenietl. Iliose liste<l arecunvntly the most irn}K>rtant 
and have receive<l sjmie atlenti<m. if only to indicate 
the lack of information alxmt them. Certainly, of 
those economic |)lants for which documentation on 
brt*i*ding systems is availabb*. the niimbt*r 
rexpiiring insei t p<»llination is high. If to thos<* are 
a»lded the plants that certainly benefit from cross- 
|M>llinalion by inset'ts. and thost* sus(M*ctt*d of ]>elonging 
in this category. <nily the cereals, bananas and seedless 
fniils remain outsifle the influence of [M)llinatoi*s. At 
the same time, one can see that most of the economic 
plants for which insect cr(»ss-[)ollination is at least 
bem*fl<‘ial art* also iistTuI to honeyjM*es and olht*!' honey- 
making bees (the sliiigless bees), which may also 
[>rov ide im*ome to those exploiting these insects. Thus, 
beekeeping and agricultural pitMluclivity are as clearly 
intenvoven in the lro(>ics as they are in the temperate 
regions t»f the world. 
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f.5.2 AppUed PoUination iii AirU*a 


t ) fiilradiH'lioii. 

Ilie im|)<)i1utu't* of |)ollinulioii lo tho yield of most < n)])s 
pxnvn in lein|)i‘ml(* ( liinaU's is kivmn. al i(‘ast partialh. 
i)Ul then* is ndatively little inloniiation alKiiit (Nilliiiation 
of ln»pieal enjps. In Africa and oth<*r tiopical n^ons. many 
studies on cnip tM)]lination have U^n preliininan.. niainU 
liecause of insulTi<‘ienl facilities. 



Xfiiraii {/tis nu'UiJvra uiiti'Uolhi. 

iin ii lUlh^r Xfiirun inflort'scfMrr (r«ilTet 


The great need to increase crop yield to meet lood 
itMiuimnents of gnming |M)pulalioiis all cner the world 
is one ol the most im]M)rtant pixthlems in the tmpics. In 
Africa. de|MMidence of |)ollination of <*rops is e\|XHied 
to increase as f<K>d needs increase. In general, most 
African studies in tK)llinalion were made in resj)ons<* to 
sfH*cific production pnihlenis. f or instance, in Kast 
Africa. rest‘uix*h in [Millinalion Wiis. and still is. clos<*l> 
tied to the problems ol pn>diicti(»n arising in e\poi1* 
oriented agricullim* of pre-inde|Mmdence go\eninienls. 
Kesearch has been »>n commercial crops such as 
pyrt'thnim, coffee. ca.sheH ntil. sunjhm er and nian^tH\s. 
Most |Misl-indepeiidence research in agriculture has 
concentrated on improveineiil of priMluction of the 
same commeirial cn»ps lh?-ough breeding, but little has 
l>een done on [Hillination of the imprmed cn>ps. 

Tree (ii>])saiv common in thetn>pi(*sand lh<* improvement 
r)f any one by bn*tNling is a l(»ng-tenn pmjt*<i. Slunl-tenn 
increases could fKissiblv l>esecureil b\ raising the density 
of (M)llinatoi*s around the cr(»ps. One way t<> increase 
pollinator abundanc e is by improvement of existing 
traditional apicultural pnK tices. In soniecxHJiilries Imwever. 
Ux-uLisc* of pr<*\ ailing |)overly. the priority in development 
(»f apicultim' is what ctin l)e pnNiuc ed now: research can 
ccHiie later. IWkeeping in Africa is l>eing inipnivtnl slowly 
ihriHigh mst'arch. lM*cause the* latter will not piovidc^ hcMUW 
and lN‘t>wa\. but it will also increax* crop yield ihmugh 


|M)llinalion. all of which will raise fanneis* ini'ome (see 
also SH'ticnis 1 .2. 2. 1 1. 

2) PoUUmior h€*havUntr and 
nmnafpnmnti. 

Insects nx’onled \ isiting Ihmei's of ci'o|»s an* assumcil tc» 
Ik* |M»llinators. However, their real value as |M»llinalors. 
orolherlypt*sof visitor^ (see Sections 2.2 lo2.i) may not 
Ik* know n. Many sfnnies of insects and small animals v isil 
floweis for nectar or jKillen. or Uuh. but few may 1 m* gcKKl 
|N»llinatoi's. The most eflu ient |K>llinators carry plenty of 
|K>llen. brush against stigmata heiu'c* trunsleiring |M)lleii. 
V isil several flcnvcn-s of the same s|M*cies in siu’cession and 
move* fre(|uently Imm flcnvc*! to flmver and plant to plant. 

Pollination c»f few crops depends only on one or a lew 
local insects. Most crops in Africa and elsewhere 
i App<*iidi\ I) are visited by honeylK*es whose pollen 
carry ing capacity and lM*haviour make lb»*ni superior 
|MillinaU»rs in many instances. Nevertheless, most races 
of African honeybees are very defensive. Partly 
lM*ca{is<*of that, apiaric**^ an* lcK‘ul(*d wc*ll away fnmi an*as 
of agric’ultural and other human ar-tivily. Colonies also 
aliscond ivadily aflc*r disturbance* during handling and 
trans|M)rt. migrate during dry ik'iickIs and swann oll<*n. 
These leatures all dec*rease their value in pollinalicm 
management aixl it luis lieen ((uesliotK*<l il they aivMiilable 
ill migratory iKvkeeping. Moreover, in almost all of Africa 
except some parts of South Alrica. bees are kept in 
traditional log and other hives, and only niom rec ently 
in top-bar hives, whic'h cannot Ik* transported without 
comb bivakage i,Sc*clion 2.1 >. 

Afiart (n»m honeyI>ees. very few other insects have lieen 
managed h»r<*n>p |M>lliiiation in nutst Mrican (‘ountries. 
partly because of a general lac'k of knowledge 
concerning the polc'iitial of wild insec*ts as |H>llinators. 
Trials in rearing of the Kgyptian alkali bee (Ao/m'o 
unidenfata]. are in progress IVn* pollination of clover 
{Triftilittm alexandrinitm) in Cgy pl. 

3) Fantting systantH and 
of iioliiraf V€*gi^iatUnu 

Most fanning in Africxi c*onsists ol sulksistence agricultiiie. 
In |M‘asiiil agiiciillun*. theie is raiely a |M)lIination problem 
as lln*ivaiv suflu ient wild insec ts living in the summnding 
Imsh. \\ ilh nKMlemi/iition cT agiiculture however, large 
areas of natural vegetation are cleared and often, one 
partic ular crop is cultivalc*d in the area, because of 
intensive cailtivation. there is fre(|iu*nt destruction of 
|ilanls that are beneficial as lorage and nesting sites of 
|>ollinators. As a result, there is a stnmg tendency for 
|M»pulations of |M>llinaloi's to dc*(*rea.s4*. until thc*y an* loo 
few lor even minimum acceptable cnip pollination. Por 
instance, in Kenya and Tanzania |K*asanl agriculture left 
largc'aicascTfallow land, which lomii*tiy provided aiii()le 
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sites f<ir uiM pollinaloi's. Most <»f lln*se have now 
mlueed. It is now apparent that the eonsecjneiiees o( 
natural disasters such as drought can U* aggimaUnl hy 
deforestation and iinsuitahle agrieultiiral and pastoral 
prac’tiees. In addition, the inerease in monoeultural 
en)pf)ing results in flowering being eoiieentrate<l for a 
short |>eri<Ml. larger |>ollinator |Mipulations are neede<l 
for those short |)eri(Kls. I iowever. ouisidc these flowering 
j>eri(Mls tire times of lloral dearth. Ixn ause noaltenialiie 
forage is available. In Afric a, feeding l)ee colonies during 
|M‘riods of dc'ailh is not generally pmetieed. Subsec|uenlly. 
most starve or (‘migrate fn)m the crop area. 

4) atui pfiLYonitifi of poiiinators* 

Although many o( the* known l)ee diseases have not Ix^en 
reixnlcxl in Africa. W/rrwi was identified in funisia in 
lOTfiaiid .\(»sema in l.ibya and Kgvpt (H^77) and Nmlh 
Africa ( 1^)72). Mie im|x>rtanceof l>eediseases may tuA U* 
realized as yet lieeaitse most colonies of African hiHieyl»ees 
are in w ild nests or are kept in traditional hiv es that cannot 
Im‘ insjxfied readily. Moreover, farmers may not recognize 
the dis«‘as<‘s. 'nic‘ largest ihieat to honeyliee colonies in 
.Africa at present are l>ee |)ests and predators. S*veral tv j>es 
of insc'cts. spiders, binls. mammals (including man) have 
l)een recorded as enemies of liees in Africa, nien* arc* 1 7 
species of African bee-eaters | A/em/w spp.) wliose diet 
consists of Hymenoptera. In tlie savanna areas 

of Zimliabwe. Niger and Kenya, honeyliees make up as 
mucli us the diets of A/cro/Av. Colonies of U*e-ealet>i 
c an Im‘ as large as 25.(KM) individuals in Niger and an 
individual bini can eat U|> to I24.(M)0 lx*es in a year. Such 
data itidicate how devastating thc*se binls can U*. Other 
jiests lliat can cause gieat damage to liee colonies iiuAude 
hive beetles {Oplosfontus tulif'inens) in South Africa, 
calliphorid fly larvae(/A>//emV/) in F.g\j>l, pn*dalorv wa.s|)s 
{Palarus hilifrons) in S. Africa, /he horn<*t \espa 
orierUalis in Kgypl. and pimie wasps (/V»7cm//a/.v iria^ilitm) 
in Kg\(it and lfc»tswana. 

In cases where insects are not direct {lests to bees or 
cro[>s. they may comjiete with honeyl>ees for available 
nectar. Honey yields from Euvalyplivi praJis, whicli fonn 
SOCf of all Euathptus gn)wn in S. Africa, varv grc*atly. 
(imbably due in large part to infestation by DmsophUa 
jlawhirta that may consume n(*etar and leave none to 
allniet l)ees. In Snjth Africa. Eiiv<d\]iUis sjM*eies pnKlueed 
nectar In'tween midnight and sunrise*. Ants foraged at 
night and collc*cted \2^A of (he mniar liefore honeyI)ees 
started to forage. S)mc*times. the tvfH's of cnips adjacent 
to <‘ach may lower |Mcllinati(ni efficienev InH ause of cn»p 
comt)eti(ion for available |M)llinalors. In one sUidv. from 
AO to of intrcxlueed l)ees visited an almond orvhard 
while 49 to ^\V( visited the adjacent pasture with 4/oe 
(lanana and A. marlolhii. The alternative sources of 
forage attracted l>ees from the target crop. However, 
flowering of many crops in the tropics is staggered 
tlmmghout most of the year. Thus, critical resources for 
|X)llinalors an* available* for most of the year. 


(Continued use* oj ins(‘eti(*ides with the inerc*as4* in crop 
plantations aec*eleraU*s loss of pollinators. Damage* to 
honeybees differs according to many factors (s<‘c 
Ap|M‘ii(li\ HI), including inse‘ctii*ide toxicity, methods 
and lime of day of application, number of applications. 
pi'o|M)tlK»n of foragers visiting treated crops, foraging 
l»ehaviour e»f l>ees on the en>p anel drift e»f inse*cticicle to 
the various souives of forage. .Nh>st }K)isonings ex-cur w he*n 
lx*es are colle*cting eonlaminaU*d ntxiar. |x)lleii and water. 
Insecticides imbilx*d with feed may lx* transtHirlc'd liack 
to the colony where they fx>ison lx)th immatim* and adult 
lxx*s. Several studies have indicated that nxisl insecticides 
used in agriculture are hannful to honeylx*es. S[)raying 
of cn>ps. es|xx’ially cotton, in Kgv pt. Kenya and 4'anzania 
has made lx*ek(‘ef)ing ini|X)ssible in c-otton gnm ing an*as. 
1'he insecticides most toxic* to lx*es include* p/io.syxinV/on, 
HfIC (lindane}, ^mituHarh. DDT frUhlorfdum, Serin 
(Carharyl f, Fenilhi^m. Dimecron ( Phosphamidon ). 
.Si/m/7/uVm. Divojol (Kelthanef. Roxion. Toxaphene and 
Paraddon . aiiMing others (.Vp|M*iMli\ llll. All insecticides 
are toxic* in iicx-tareHi the day ofapfilication. tIuLs onliiiarily 
should Ik* applic*cl at night (unless the lx*es arc* heavily 
using bai-t)olliiiated flowers!). Kesidues on plant jwrts 
sh(»wed that some in.secticides such as lx>stalhuHi jx*rsisted 
fc)r up to 7 days on leaves. Toxicity of insecticides such 
as 4‘aii>amales inerease with temperature. It is adv isable 
to close colonies in ventilated hives at the time of 
application. 

5j l*oflimifioii tvltidiotv 
ill llrirciii roifiilri<>tv. 

Studies done in Afric a on |M)llination of cnips are here 
gremped int<» four regions: a) North Africa, b) West 
Africa: c) Ka.s| and Central Africa, and d) Smtli Africa. 

!^orth Afric*a. In this n*gion. the* nc»ilhc*m part has a 
Mediterranean climate. Southwanls. along the tro{)ic of 
cancer, the region consists of Saharan desert, Alost fanning 
is along rivers and where theiv are inigation dams. In the 
dry parts, the area of <*ullivaled land is lx*ing increased 
thniugh reclamation of desert. Irrigation dams such as 
Aswan dam in Kgypl aie thiKight tc» lx* vital for fanning. 
The scarcity of wild |Htllinalors in newly rec‘laimt*d lands 
is nuiinly IxH-ausc'of lack of wild flowering pkuits for supply 
of pollc'u and nc'ctar. Cons(*c|uc‘iitly. crops on newly 
nH'laimc*d an*as siiiler fnxn lac'k of txillinalion. (Colonies 
of A/»ts meUifera have lx*c*n fcxind suitalile fc»r c*slai)lishnient 
as |X)llinators of some cn)f>s in these areas. However, 
hemey l)ees c unnot |X)llinate all en»j)s. see inlnxluctions of 
wild lx*es, such as \oniia. \ndrinm and Mepavhde, an* 
Ix'ing tric’d in Kgy pl. Kvenlually. otablished cn»|>s and 
judic’ious use of tx*stic*idc*s shcaild allow wild insects to 
lK*conieestablish(*d. thereby impi'oving |X)llina(ion. Other 
immigrant insects may bec-ome crop and bc*e jiest.s, 
suggesting the ccmtinued need for insc*clic*idc*s, 

Pn*timinary studies have identific’d ovc*r .40 s|)ecit*s of 
ciojis that Ix*nefit fnim honey lx*e visits, alllmiigli not much 
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work on llicir |M»lliiui(inii n‘(|uir(‘in<Mil> lui> Ihm'ii <ioii<‘. 
Vniong llir Irxlilr cn»ps. ni(M hau* Iwrn ilom* on 

rollon. Of all insr<’t> \i^itin^ c(»lton. )ionr\lN‘o urn* fouiul 
to Ik* llirir minilHT in Kj:\|)l. ainl ^]iY7e in >ii«lan. 

In Chad. 80-‘)()9^ ol rollon (1<»urr> urr«* \isilrd Iin 
honryU'r?. hill althon^i only TffOi- oi livhrid l apMito urn* 
fonn<*d. il \ul< lli(Hif^hl MilTirirni (orroniim*ivial pHNiurtion 
of livhi'id rollon. Pollination of rollon h\ lioin*)hr(‘» 
inm*aM*d llir uri^lil of srrd [M*r In)II. U4*i”lil of rollon 
prr plant and oirrall yirld p<*r plol. \ p<»>ili\r 
<-onvlalion U*lu«vn le*ni|K*ralun'and iuimU*ivoj lionr\ld*r^ 
visiting r(tllon in K^pt lia> lM^*n notril: a\ailahlr nri lar 
in <*oUon noun's inrr(*asrd with rrlatiu* lunniditv and 
<lr<-n‘as4*d uilh trm|K‘raUm*. anil planl.srnUainrd no iH*«'tai' 
at U*ni|M*riilnn*s alK»w* 10 C. Most U*r \ isils urn* diirinj' 
12.00 to I l.(M) h. rom‘s|M>nding lo|M*ak lui lar '*n n’lion 
and sugar ronrrniralion. 

In Kg\pl. lla\ alsolK*nrfllsf’min [Killinalion h\ uasj>?.. (Irkl 
hugs. hrrs. lM*t*lh*>. flii*s and l)UtU*Hlirs. 1 lom*\lK*<*s (onn 
^XY}( of all insi*<'l \isiiors and inrn*as(* Uitli qnalip an<i 
qnanlih ofthrriop. \lfaira(MtHliragosali\a)and Kg\piiaii 
rlou'T (7n/o/mm filr.xaiulrinutn] ar«* among lln* rnosl 
inijKirlanl rullivalnl loragr rni|>s in noilli \fnra uhirli 
lH*nrni liiim itisn l |N)llinalioii. AHalfa is visiinl In .17 
spri'irs of IlMm*n<»plt*ra rsp<*riall\ hn/rrno orutula. 
(Jutliaulnma jhtiifH’s, nnuonui. Mrfsarhilf suhnmrula. 
\omiti amlollirrs|M‘rirs(»f I lalit'lidar. and \f».>>nwliifvra. 
Tlir Iasi lK*r s|M*<*irs makes up to .">1^ of ihr individual 
|H)llinalois in Kg>pt and up to 72^ in llu* Sudan. 

ChftlinMiotna nmrorm huihU nrsls in mini lionsrs hul 
Irials in Iransfrrritig !«► ailiflrial nrsls laih*d. Tin* adults 
did not uillistand roidinnnrnl and transporlation. 


Ilourvn. rrlls ronlaining prrpupar and pnpar u(*rr 
surrrssfullv tiiiiisplantrd into artilirial rrlls punrhrd in 
m*ulv inadr miul hrirks. 

In Kg>pl. alfalfa llourrs riirlosrd with honrviMrs gavr 
highrr virlds llian did tliosr fnan uhirli all ins4*4-ts uriv 
rxrliidtHl. Hir vH'lds uriv still not as lii^i as ihosr olitainrd 
from opi*n |M)llinatrd plots. Tin* d(*nsil\ of lionryhrrs 
uas highrr in n(*ldsriosi*rlo hi\t*s than thosi* 1..*) km auav. 
uhrn*as driisilv of wild Ik^*s was highi*r on distant plots. 
This suggests that ihr wild and hivr lirrs roni|M‘lr. and 
lhal rolonirs lor |Miilination should Ik* plarrd dost* lo llir 
<'io]K I'lgvplian rlovrr isH‘lf-sU*rih*and lionr\lK*<*s inrivasr 
ils virld. It isvisilril h\ (iolroptrni and Diplrra. halirlid 
hrrs (rsprriallv \om/V/ iinidentiitd) and lionryhrrs. 
llonr\lK*<*s madr up .50,6^ of tin* total iiw*<t visiloi-s in 
Kg\pl and arrount(*d lor 02^ of all jMillinators in Sudan. 
On avrrag**. ihr numlK*r of snils |K*r head uriv found lo 
Ik* 0. lo. I.2I. 22.20 and 13.7.). ri’sprrlivrK. in plots 
lhal urn* pn»l**i l«*d fnun uind. S4*n*rnrd ag^iinst iiisrrls. 
o)H*naud ragril uilh honr\|>r(*s. Korlhr samr livatmrnts. 
tin* |M*n*rntagr sn*d st*i was 0.().S. I.fl3. .*k3.«»0 and O-S.fC. 
Thr miinU*rol srrdh*ss hrads uasf^.Of). ()-*).3l. 2.li0and 
0.10. rrsprrtivriy. \s in alfalfa, thnr uas a signifiranl 
<l<H n*a.sr in srrti \»*ld asdislanrt* Inun thr apian ini ivasrd. 

Ik*(*siuid (»thri iiis4*< tsan*grn(*rallv thr pniiri|uil |M»lliiuilois 
ofavaiirlv <»fri'o{>s. \mong si'ihI oil (*io|»s in iK»ilh Mrii a. 
simflourr in Sinlan is pollinal(*d h\ fiomfms. \(nniti 
mviamlm. \h^arhifr n^tindala. fhtlirtiis and Vtm’llijmi. 
Thr honrvhrrs roinprisrd 7.)'7f of all 1 1\ mrnoptrra. 
Mthongh Stwtinwm imiiritm fsrsaim*) is iisuallv st*lf- 
|K»]linat<‘d. ins<*rl |Millinalion is im|M»rtanl in inrn*asing 
s«N*<l piiHlnrlion. llir most ai*li\r iiisr<*t v isiloi>oi srsamr 
in Kgvpl urrr Diplrra (Svi'ithidar). (iolropirra and I. 
mi'Uifvnt. I hr Im*»*s arroimtril for .30^ ol all visits to 
fhm<‘is. In Kgvpl. (M*amil i \nu his /n/mg'oro) is |N>llinatrd 
hv I Iv tnrno))t(*ra. rsp(*riallv (dirvsididai*. Ilalirtidar. 
Sphri idar. Mrgarhilidar. \[iidar. anil <ilhrr insin ls surh 
as Sviiiliidar. 

Date palin'* in Kgvpl arr hand {KtllinattHi. I land }K)|linat<*<l 
palms arhi(‘V(*d highrsi total soluhlr solids in fmil. thr 
largrM (M rrrnlagt* of sugai>. and lourr tannin < onl<*iils 
than iin{M>tlinalrd onrs. 

\ siinrv lor im|Kii1anl |M)llinal<»is on Ik'uiis | DWo /o/k/| 
in Kgvpl rrvralril lhal honrvlK*rs iiiadi* up 77..39^ of all 
ils iiisri l visitors. K\|K*riinrnts in vvhi< h honrvlM*rs urn* 
r\rliid4*<l rnlurrd v it*ld hv 2.0^ and rii( h»sing ihr <*nip 
uilh hont*vlH*<*> inrn*as(*<i il hv 10. 1^. In Sudan, il uas 
<*slimalr<i that lh<* |N*n‘rnla^*of hudsof U*ans that dmp|M*d 
lK*fon* maliirilv urrr in a hn-al varirtv and 03.7^ 

in an introdurrd our. Bud dn>p uas apprrriahir Uith 
Ik'Ior* and allri Inlilixation. Mirn* urrr also iniliralions 
that irdurtion in )knI virld uasassix ialr<l uilh inad«*<|nalr 
insrri pollination. Pollination hv liom*vhrrs and hand 
tripping ol llourrs iiu rrasrd ptHi srI, Oihrr slmlirs in 


of Ctiltimhul in the Tr4jpifs .VI 



Kj:\pl re\eale<l ihul \nilrerut. Hafivtus, \omi(fules anil 1. 
mvUifvra \isileil several oilier en»|)s. 

OI all Hymeiiojilenu iMineyliei's foniieil 97 .09^ on Hmxstra 
o/ermvv/. 689f on H. .snm/w.v anil 67.795^ on ('.tmamlrum 
safit itm. On the other hanil. uild l)ees (drmeil 85.79J^ on 
CynfMlon (Itulyhm. 859J- on Rafthanus saiirus, 76.99{’ on 
Mairiairia chaniomma anil 51. on Dauatsvarola. Hie 
main |KiIlinutoi's ol onion wen* honeylM*es w hos«' \ isilation 
pniiliK iil hi^i s(‘(‘<l set. wei^il ol s(*(*(l ami \ ield |M*r phuil. 
Although lh(*n* ha'< not Ix'i'n miieh work on |K)llination on 
many other en)|^s. honeylKt*s have l>een found to forage 
on Ixiragi* {Honifitt i)ffidnalis), feniK*l {Fot^niculuni ndgare). 
dill {Aneihum graivoleiLs) and s(|iiash {(Mairhifa) in F^pt. 

Afrk*a*This is thelmpii al losulilropiral region 
on the west eoasi of Africa, south of ilie Sahara, \dia\e 
suneveil plants of Senegal that aie visiU*d hy hone\lK*es. 
moiv for the investigation of honey prodiietion than of 
|X)llinalion. Similarly, a few surveys of |X)lIinators for \ ainous 
plants in Nigeria and (iahon have lieeii initiated, in 
pre|)aration of a refen*nee eolleetion of honey and |x)llen 
plants. Harris (1987) non*d that eeeidomviids |M>llinate 
eoeoa in West Africa. In (ihana. honeybees and 
XyliX'Ofxi increased yields and (mil (|ualily of tomatoes 
{LyvoixTsinm vscttlefitmU |>ep|)eis {Cafksicum fnUescend^ 


and egg plants {Stthmum melongena} 
which are |wrtly s<‘lf-ineoni|»atil)le and 
need (Toss-pollinalion for fruit set. 
HoneylK*es and hover flie*s (*onstantly 
visited Kosaceae and |M>lliiuited I*nmiis 
spinosa, Crataegus numogvna, Rosa 
canina» and Ruhus fniu'osus in (diana. 

Pn*liminar> studies of LK Ust lx*eii tree 
{Rarkia Inglohusa) and butter tree 
{R}1\rosfxmmim /xinw/o-va/n) in Hurkina 
F'asoliaveslw)wii tliat llx*irfniit pnxIiH'tion 
is low but it was mit clear whether or not 
liees act as tlK*ir|«)lliiuitors. In (Jiunemun, 
oil jKiIni {Ehusguincvnsis) was originally 
tlxMiglit to lie wind {xillinated. SyecI found 
that 12 species of insects visited it. 
ElaeiflohiiLs and Atheta ((iureulionidae) 
and Dipicra made up the majority of oil> 
|Kilin fxillinators in Camemun and Ivon. 
Oiast. PollinatiH* tx))Hilati(Hi variix I in tinu* 
and s(>ace depending on climatic 
conditions. Krom 80 to 85^ of fruit 
bunche> wen* ixillinateil during the wet 
sf*ason eomiKmi! to 77 to 829F during 
the dr> season. In West Africa. Barker 
(ound that some filants an* |x)llinate<l at 
niglu. He note<l that )iura is ixillinatixl 
by moths {Tegitirula) ami liats (xillinale 
1 KU J Kil ) ( \tlansotua tiigitata ). lui| m ik ( Ceilni 
peutadra) and sausage tree {Kigelia 
afrirana). 

KhmI iiiitl Cenlral .%fric*a. This comprises 
ciju.ilorial regions with s< atten*d i*(tiialorial vegetation. In 
Taii/Ainia. cashew nut {Anan ardium (xridenlale). (‘iM onut 
(Ox m nudjera). Cojjea anddra. Pyrel/inmi and sunflower 
{Helianthus annitus) lienefited (mm liees. Kannem wen* 
encouraged to keep l>ees in plantations of those cn>|)s. 
Cashew nut flowers are \ isiled by flies, ants and hoiieylK*es 
which transfer the sticky |x)llcn to stigmata. Bn'liminarv 
studies on liiccnic {Medirago satira) in Tanzania ivvealed 
that hoiit*ylM*es trip|x*d 5.‘k69F of flowi^rs they \ isiltxl ami 
increa'4*d se<*d pnxliiction. (^ifri*etlo«*s not n*cjuin* instH t 
|x)llination but it is lx*nenti*d by |x)llinating in.si'ct.s (/ilTiv 
plants (lower pnifuscly (<)r only a few dav s ami Ixx* colonics 
may lx* n*<|uin*<l for only a week. Klowcring variiil with 
altitude* and so(*olonie*s e ouM lx* use*il mon* than oru'e by 
moving them fmm one altitudinal /one to the other. In 
addition. Tanzania has s<*t ies(*an*h apiaries amund coffee 
plantations for motv studies of its |x>llination. Stingless 
lx*es like MdifHunda {.\xesto^trigona)loguensis have lx*en 
kept in rmxleni hives in Tanzania but no investigations 
have been Irienl on cn>|>s that l>enefit fmm these l)ees. 
Stingh*ss bevs fn*(|ueiitly vi.sit coflee and oth<*r crops 
elsewhere (Se*clions 1..1-I..5. A|)|x*iulL\ I). 

Although improv«*d teclinie|ues in be*ekee*ping were 
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inlnxliice'ilona lai^t*scal«'sinc«*t]H*early l^>70siii K<*n\a. 
feu ('ominen ial uses ol honrslH’f^. in have 

lieen inilialed. Pijieon |M^a {Caj^tiius vajan\\Mis Uvti fouinl 
to iiuTeas«‘ outcrossing ol two inl)!>*<l lines 1»\ 2.VU|..> ^/( 
when inser ts weie use<l. In Kenya, the major insects foiiinl 
visiting the pigeon f>«*a iiicin(i(‘<l 10s|«H*H*sof CludinMloiiui. 
.3 of M(‘^arhih\ 3 of \yltM’ofHt, \ftis 

mellijrni. btmjmles fuM'tints ami Thymts. Some trials in 



Kenya have sliown that of all insect vi^itoiv of sunllower. 
l»one\l>ees ma<le upJk')9f’ ami wihl U‘<*s . It wasals(» 
IoiuhI that it was iKMielicial to phu e hives in pvivlhium 
fields to improve seed yield and pviethrin content. In 
Matlapbs ar. l)om*yU*es v isiUnI Gnm ia vuhaUt. C. fwu hvrvi. 

ellifMica. lalona ( Wviiwuwna iHtjt'riatm). Mimosa 
and Euvalyphts, in addition to crops such as vofjee. 
aK'iHt, vwuUa, vioiv, Intsil, yfanfS’vlanf' and fMilcluntli. 

Ficus syamionis is chiefly found in nverside forests in 
Hast AInca ainl is i^oilinattHl In agaonid was|)s.esj)ecially 
(JeraltKsolcn arhicus. C. galili and Sveop/n/^n syromori. 
raii/anian work In Smitli l<*d Uxonipilation of an imtK)i1aiit 
ivfeivnc(‘ t(» honev plants and theirdistrihiilion. Iloweiing 
|)en<Nis and Mteiilification oftluMr )K>llen. Similar studies 
hav(‘ U'endoiu* In Oah'and (mvnway t l^)()l)and Mwangi 
in Kenya ami I Jndand Tallanlin*(I^^)2) in I giinda. 
Mlhongh none of these resean heis studied ]M)llinalion 


r<Hjuiremenls for each plant, such studies are im|N)i1ant 
as reference luises for hulher reseandi. 

S4»iilli Afric*su Tl lis region « <>mprises mainly tin* S. 
African Repuhlic ami adj(Hiiing countries. In the tiorth 
along lh«* Tmpic of (^apriconi. there is the Kalahaii <h*sert 
and in the M»ulh. climate t<*nds again to the M«*ditenanean. 
Honey l>ees aii* ini|Nii1ant |M)llinatoi's ol suhtropical cro()s 
in South Africa (see also S<*ction 1. 3). Annual yields 
fn»m lilchi. mtuadomio and <»lher fruit or nut cn>|)s have 
lM*en (ound to he closely lelaled to hive numl»ers in the 
orchaitls. However, in many eases, no lecommendalion 
lor commetvial use of honeyhee (‘olonies in pollination 
exist. Bt'fon* B>86. less than y/c onhinsvaal he(‘ke<*t)ers 
w t*rt* inv oK ed in |M)llination of suhln>pical cn>f)s although 
<*olonies were taken l(^///c/f^ mucadamia ami nutn^o 
on lumis pnmarily to obtain honey. A re< ent estimate is 
that .'i2.000 l»ee colonies are nee<led for pollination of 
ap[)les. |K*ars and plums in (he ca|>e proviiue. hut only 
l2.(KK) are employed at piesent. llieie is great iietnl for 
c(N>|M*ration Ivetween l»eekte|>er>« and pxwveis of such cni|is 
to iiK ix*as<* llieir pitKluction. In rraiisviuil. s4>me IxvkeetKMs 
move h(«ieylx*e (*olonies to cn>ps such as kidney U*ans 
lor pollination. Th<*y |»ay the gixtweis a small fm* or give 
llu'in some lumey. 

,N<*< tar prcxluction hy 1 7 cultivars of sunlUnver {Hcliaruhus 
anniitis) in Smth Africa differ significantly. lloneyl>ees 
and short-tongm*<l Halictidae are unahle to n*ach all the 
nectar in ceilain cultivars. (aHnmen ial sunllower gixwvn 
ill (*ag(*s excluding iMdlinatois had an u\<‘rag(* of 43^ 
si*eMl-set <’ompan*d to 73.30f s<*ed-set in open fields. 
Inti'iNluction of honey Iwes to cag»*s in<*n*iised seeil-set to 
s|)olted maize l>eelles did so hy 76^. American 
liollwonn larvae il/eliothis omiigem) piiMiuced an in< n*as<* 
ol 14% and house flies 3R%. 

Hom*ylK*essludh*il visiting f.V/r?«<lid not collect its jxilh*n 
hut landcti on the flower |H*tals los<‘an*h for mx-tar without 
(oin hing stigmata. However. <hiring lakeidf. Ix'es 
occasionally touched stigmata, resulting into cross 
|K)llinalion. Kiwifruit {AditiiJut deliciasa) aiti lM*|M)llinaled 
hy hand <lusting methods using preserved and diT 
|)ol|en. Ihwvever. naturally it is pollinalevi hy insects. 
I loney Ikvs. placevl in almond orclumis close to a |>iisluie 
with collected 40-16% almond jxollen and 49-31% 
aim* {Killen hut then* was no significant ntluction in fruit 
set in almond. Hu'se results sirovv llial although alternative 
source's ol forage* can altrac’t Ikh*s away from almonels. 
suce e»ssful cn>ss-|N)llination can still Im* ae’hievml. 

rheix* aie 127 sj>ecie*s ol Alex* in S)uth Africa hut their 
value in l)ee*keeping has not lK*en detennim*d. The* fle)ral 
mor{)hology e)l l/oe/en>.v sugge*sts it is |K)lliiiate*d hy hiixls. 
IhiI diffe'ivnl lxx*s|>ee*ies.e*s|M‘cially A. meUifem. 4/AW///«e/« 
laricfiatti and htsiofilassum, lonnicine ants, e halciel wasps. 
syr|)hid llie*s anel five s|M*cie*s of hiixls have lxn*n olesemHi 
to visit its flowf'i's. AIttc motioifdi is one of the e-ommon 
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s|M‘<‘M‘s. HonrNlN'rs rnllt'cl its ami ru]'|K‘nt(‘r 1 m*<‘s 

ihM ill iIk* sUiiis aiul nia\ ulso<'n<'<'t |M)liinatioii. Kvuliiu-r 
Iia> l)eeM fimiul lor li\l)ri(lizalion lielween Fiats nataliensis 
ami F.llummuf^i in Natal, wfieivliotlisfiec ies aiv jK)lliiuite<l 
by Fliziiltcihiclla stuckcnberfrii. Finis ruilafaisis in West 
and (Central Afri<*a is {pollinated 1 j\ Aljbnsiclla Jimhritita 
.The adults of F. haijnathi vsere attraeted to F hurfl- 
ilarvi but its altiactivem'ss <lisa|)fp<‘aiv<l after |K)llination. 
This iinlieated that some volatile eoin{)ound \>as 
releast^l U'lon* |M>]lination Init not aflenvanls. A|^oni<l 
\vas|»s also |)olliiiale other Finis spp. Tlie elfm*! o( Pheidole 
mcf:(HV{ifutl(i uikI Foiynuhissf hisUuva (Foniik idae) visilinj; 
li" ln*es to tend the Centiasolen vafwnsLi (Agaonidae). aiul 
seed {iredalion by forinieids, rediK'ed parasitism of 
|Milliiiators b> \fHHnfHas ^iiinmisis and s**e<l pmlation 
by filitrnes. Insi'< t |Millinalois liave Immmi ivare<l fmm 70 
species ol Finis and classification of tlie pollinators 
confdiiiis with tliat of tlieir liosl figs. 

The common plants visited l>\ l>ees including growth 
type, flowering periods ami usefulness to bees liave 
l>een studied in Zimbabwe and in South Africa. Thes(> 
studies serve as a referem*e of identification of African 
flora for future reseandi. 

fjk) Rerommemlaliom for ftifiirc* itv^rlf. 

\lth(High the fon»going lejports do n<»t give a wide coverage 
<if most cit)|)s in most Afrii'an (’ountrus. the\ indicate tliat 
infonnalion on )M)llination Is iu‘<‘d<‘d and tht^n^ is |PoU‘iilial 
to lncr«'as<‘ cn>p yields and quality by [pollinators. The 
means to achieve this will pnmarily Im* hoiuwlpet's and 
wild bees. To harness this |)olenlial. the following 
re(‘ommendations are made: 

• In soim* countries, plant and insect (oilections art* 
lacking l>ecause during piv-inde|>endence davs. colonial 
governments utiliztHl lalx>raton(*s and built fine taxonomic 
ccdlectitms which were then taken out of Africa. 
Id(*nliiication of native s[peci(»s. (*s|x‘cially cro|)s aiul tlitdr 
[Millinatois. should Im* eiicourag(*d. 

• Crop breeding and [Hdlinatitin research should be 
inlegralt*d. In Kenya, studies have found that the highest- 
yi(*Iding cas|pt*w tivt*s went* the iiMist attractivt* to honeylpees. 
Tills suggests that later in bleeding pmgrams. it might 1 m* 
necessarv to select for high yield and attractiveness to 
1 m*cs (s<»e Section 2..’k 1 ). 

• lb*ekeepers, crop growers and state extension 

\vork<*rs shotdd be 4‘din*at<*d about cn»p pollination 
(‘s[N*ciallv. through lM*ek«*eping [programs. At piestMit in 
most African ccKintries. tlu* adult literacy level has im ieasetl 
and in addiimn, younger literate [MM'sons an* incieasingly 
lM*(*oming fanii«*rs. It would th<‘n*fon* U* t*asier for tlu*m 
to understand written infomiation in the fonnof simplirieil 
[Pumphlets. newsletters aral IxMpklels. Such InKiklels have 
lM*en [PR'iKireil in Snith Africa. Fanners can also U'liefll 
fnim radM»and television bmadca'<its. 


• Can* shouhl Im* exercis«*d when im[>orling plants and 
|M)llinalors. For instam e Pnisitpis (an ariil climate shrub) 
Wits iiitnKluced as a multi[uiqK>se forage cmp in the drv 
[Kill <pf Keiiva. Iliis. however, niaylpe [KPleiitially a ha/xutlous 
fpracti(*e since intnMluct*<l F. juli/htra may achieve such a 
ra[)id gnmth and dispersal that it attains [H*st status. 
IntnKliicml s[m*cu‘s may also attract nativt* [Millinalois away 
fmm native flora. 

• There is a giMal [Nissibility that there are African 
hone\ln*t*s w hich aie naturally less defensive, less excitalile 
and less inclined toalpscoml and swarm. Seh*ction forsiK'h 
(k*siml)le (‘lianicU*ristic*s would allow lMx*k**<*[M*is to practiiv 
migratory lM*«*kt*e|)ing for(*n>|)s ivijuiring [Mpllinalion. Tliis 
w ill also enable them to kee[p their lM*es in areas of high 
agri<‘iil)ural at'tivily. 

• lb ensure a n*lial)le source of [xpllinalois. Ixpth managed 
and w ilfl, a imue c(nntm*he*nsive strategy for management 
of cn>[) [Kpllination is u(*e<le<l. rhis can Im* achieved by 
<*ducating fannets uiul lM*<*ket*[M>is alNuil [Npllinators, their 
value, habitats and conservation. Pollinators should l>e 
protected from pests, predators and [poisoning by 
insecliciiles. 
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lJi.3 /Ippfiod PaUhmtlon in Tropical 
lifie rica 


ConstanI hahilat alU*ra!ion ami ihe spreuti of African 
honcvl>ecs have ^reailv nKMlifuMl (M)llination in 

llie NeoUripii-s. Prii^r to llie invasion of ll>t* African liom‘ylx*<* 
fmm soulliem Hra/il. |>eHiaps six million lii\e<l (‘olonit^ 
of Kiiroj)ean Apis mcHifera were kept in the Neotn>pics. 
There was no feral honeyhee population that was 
iiul(‘|M‘n(li*nt <Tapiaries. Kun>|>ean lionevliee colony density 
vsas very high (1-10 colonies/ km“") in the Vm alan 
jieninsula, Kl Salvador, and the siihlmpics of southern 
Brazil and northern Ar^ienlina. As a rule, these honeylK*es 
weie completely uhsenl in the Amazon luisin. and in all 
humid or rainy tn>pical lowlands and mountains. 

Now then* an*, conserv atively, an a\ erage of several *w ikl* 
African hon<*ylM*(‘ c*ol«>ni«*s per s<juare km over an area of 
roughly 20 million scjuare kilometers — 10 times the 
numher of European apiary colonies that ha<l been 
maintained up until the 1070s. Virtually no Kim)jH*an 
colonies n*main. even though their range was less than 
\iV7f the cum*nl range* of African honeyliees. nuis. the 
numher of Iuhi«*v Im*<*s has gn*ally increasetl. they are a 
diflerenl ‘ecolvjH** and suhsjH*cies. and their distribution 
is general, rather than isolateel in apiaries primarily in 
dri(*r or subln)[)ical agricultural areas. Hjev have cause*el 
the<l«*mise of some native l>ees. like s|>e< ies ejf \hfi{H>tia. 
s<M*ial bees similar in size to Apis, in northern South 
America. This happened gradually (»vera fierioel of 10 
years. In the* f(m*sl(*d an*as of Yucatan, w here lM*eke<*ping 
with iht* Mayan hon<*y-making stingless l>ees. \U‘lifH>na 
and Cei>haIotnf:ona. has Urn im|ieHlajvt Ibr many centuii<*s. 
there has l)een a sudden decline in honey pnHlu(*tion 
that coincides |>erleclly with arrival and [»n)liferation of 
the honeybe(*s from Africa. Little other documentation 
exists, however, on impact by African honeybees either 
on native animals or plants. 

11u* fact that so manv cultivaU*d ()lants iise<l in tn>picul 
<-ountries originaU*d in the Neolmpics (A|>|)|m*imIL\ I) does 
not mean that their repnKlu(*tive biologv has U*en U'tter 
studied iher** (see es|)e< ially Piirseglov(**s treatments o( 
ln)pi< al (*nips). Appli(*d |H)llination U*chnologv in tiopical 
America is mostly devoted to extMu’ s|»ecies — vtwomU. 
atffee. dtm.s, numg(K‘s, teak, nwlons. apples. iH^aches and 
cardamom. Eim)pean honeyliees had !>een iiii|M»rted for 
commeivial pollination of all these ci-of)s. African and 
‘Africanized* honeylMrs have replaced them (although 
often not as managed |M>llinatois). Nonetheless, many 
Neotroph al fl<»wer visitors played a part in |M)llination. 
but have yt*l to n*ceive irc'ognition or. in most cases, 
systemati<‘ study. Tlu* native cn>[)s. ioiliinately. still seem 
to have enough native p(dlinators to service them. 
Propagation, seed-set and fruit firoduction of these 
indig<*iKius s|x*eies do not des|)erately need to lie Udsteietl 
by manag(*ment schemes or other means, at present. 

Many forest crops gathered in the tropics come from 


America. Notable among them are the ‘Brazil mil* 
{liertfudleda). niblier iHerea). Pejiluiye jwlm or chonta 
Aumiliaciris). kajM>k (fJe//w). vegetalde ivory {Plnlelephas). 
chicle {.Manilkara >. nanche. nance, or miri<*i {ByTsonima). 
hog-plum(.S/x>n//iVi.v^. prickly |x*ar or nopal (OpiirUia) and 
the pi<juis {Carvocarf. As els<*when* in the troj>ics, native 
|Kilms such as Haciris, Amx'omia, Attalea. A.slnHar)vm. 
Cenivylon, Chanuuukmi. Elaeis. Inartt'o. Jessenia, Maurilia. 
Maximiluma. OeruKxiqtiLs. Orltygnia. Phy1eleftha.s. Scheelea 
and SyagriLs pnivide many useful f>nHlucts that are iu»t 
e\|)oi1tHl. nicy an* among the most valuable of all plants 
but infre(|iM*ntly pnKluce cash (’ro|>s or n*vemie. I1a*ir 
breeding systems often involve <lioecy and the 
|K»llinators are flies, lieelles and l)ees. HoneyixH*s and 
stingless l)ees may visit them in large niiinl>ers. but they 
are often merely thieves — never visiting female 
inflorescences and therefore not |M)llinating. 

A few native \eotn»pical cn>|)s Wkv pineapple, and non- 
native cn>t)s like/x/mmo. have no |K)llinalion n*<|uin‘menLs 
— in aildition to l)eing projxigaled vegelalively they are 
parthen(K ar|)ic*. However, most cro|>s require |Killinators. 
and native Neoln)pi<*al cn>f>s gnmn on other continents 
are numenujs. Among the most impoilant art* cacao, 
simjhner. i>a.s.su»ifniU. diili fiefff)ers. eggidant. sisal, annaito. 
ca.sheu. sour.sops. iMUiniit, star apple, impaya. <ptinine, 
rfiaxole. nthl>er, gtmnls and sfjiuLsh, lomato. gnani, cotton, 
{Htfato, pineapple, ranilla, sim*l jMUato, c<tssava. IoImu co, 
guayule, mxK ado, the common Inmn. pimento, mesfpdte 
and jojoba. 


.\ffttve in iiill flower 
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None of lliese [)lanls >\as in iin\ v\a> on 

honrvlnM*s. Iwcaiiso no .{pis were present in tropic'al 
\meri('U until the late Ui(M)s. and almost eeilaiiiK rtotu* 
wen* wi(lespn*ad until the last 20 to .’^0 years due to n*leas«* 
(if Apis nwUifent scufellata in Hixwil. Natural selection and 
evolution pnxluced by interactions l>eh\eeii plants and a 
(low«T visitor such as honeylM*(*s could ivsult in verv sli^jlit 
( hang(*s t(i plants and their l)rc«*ding svstems. if anv. in 
such a sh(ii1 lime. 

For native American filants. outcrossinji by l>ees seems 
tile most common iniMh* of reprodm'tion. This is not 
sui*|)rising considering tliat mam num* Im‘(* species live 
in the Neotrofiics than in other e<|ualmial regions. 
However, modes of cnip I'eproduciion van widely and 
incor|N)rate all |M»lliiuilor groups (s4m* S'l lion 1.1 . 1 j. as 
shown lielow. pollination of major (*ullival(*d plants in 
the Neotropics is reviewed here, emphasizing the 
native* s|M*cie> of flowt'iin^ plants. 

A. sisaliana and several other species are cultivated (or 
(ilx*r in Mexico and Onlral Ameiica. wh(*n* they (Hi^rinaled. 
and also Afm a. \sia. and tiu* Philippim*s. lai)!<‘l\ for l<K al 
use. Floweis aiv |Millinat(*d at ni^ht b\ luits. but also aiv 
V isil(*d dunng th(* day and |)ollinat<‘d by lx*e>. Indiv idiial 
(lowers iire heniiaplmxliu* but (x)llen is shed liefim* >li^nas 
an* n*ceptive. .S*llinj» within a (lower d(«*s not (Mciir but, 
Urau.se (lowers in an infloivscenceo|x*n serjuenliallv over 
a period of days, selling within inflorescences is 
|H»ssil>le. Nocturnal |K)llinators iiu lude tire bat pemis 
diurnal |M)llinatois are nomiallv the lat^'er 
bees — \ yloropo, Meso.xaeo, and others. Because 
individual inflorescences provide a larpe amount of 
resource, introduced social bees such as Apis lorape 
pnidtablv and n‘cniil in laiyi* n(imU*i. 




tiicK*fircfiiim — €*asium* 

(. tfific*cf )m 

I. tM-rithnUalf is a small tree pnMiucinp (niit with a swollen 
fruit stalk. Tlie fonner is nuisted and e\|>oi1ed as a nut 
crop — extensivelv in \sia and the NiHilropics. while 
the later is sold |{K*all\ as an edible fniil. (iadiew is iiisecl- 
|Ni|]inal(*d but. U*cause of its tinv flowers and minuscule 
amount of nectar; it is all but ipnored by Ires. Flies ap|iear 
the major pollinators. Flowers are both male and 
liennaphnMliU*. witli the former sh(*ddinp |M>lleii eiirlu*r in 
till* day. S*lf-coni|>atibilily and s(‘lfinp have Ixm shown, 
but ( n>ss* |M)llinalion gn*atly impi'oves (ruit pitMliiclion. 
and tin* bre<*dinp svstem naturallv favors ouli rossinp. 

liitKMUi A, HoUinia — A. hlHhi 

( 1 

\nnnna and KoHiiwt iiir siiudl trees that have iK’nnaplinNlite. 
)M>lleii-only (lowers in whicli the slipma is receptive well 
U*(oiie anther dehisc('m“e — selfmp is raix*. (lowers an* sell- 
corn|xilible. and outcrossinp is the ink*. I'Ik* visitors and 
[xdlinalors have st'Idom Iren olis<*rved but include Irelles, 
es|rciallv the dvnastine scaral). Cychxvfthala. 

— p€»anui (LegumintHxao)* 

1. hyjiof'aca oripinated in Bolivia (.'10 s|rcu*s exist) but. 
irinp teli'uploid. is not a wild sfrcu*s and oripinaUHi (rom 
two diploid s|M‘cies. (ailtivars of thii‘(* proups are piDWii 
thmuplioul the tn>|msand sublmpics. with Asia .sur)uLssinp 
Afrit a and America in production, (hops are ordinarily 
selb|Xillinatinp and selldeilile. but the oripinal |M)llinators 
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are thouglit lo lx* xylcx opine and niepacliilid lx*e>i. In fact, 
some varielies are meclianically incajwljle of selfin^j, and 
the hennaplinxlile flowers must lx* visiletl by an insect 
— llirips ser\ e as pollinators in parts of Africa, hiil Imm*s 
of many di(Tert*nl kinds aiv the main cross-(M>llinators. 

Blxa — aiiiicillo 

Bixa Orellana is a pollen-only fl(mer. originally fnun the 
lowlands of Kcuad(»r and the eastern Andean slofies. 
The breeding system of this small tree has not been 
studie<l in detail, but self-compatibility with outcrossing 
by lx*es seems likely. See<ls are coated with a red-<»range 
dye used by the Oxx! and cosmetics industries. ex[X)rted 
fn»m India. Kasl Africa. Peru. Brazil. Panama. 
Kcuador and Jamaic a. Flowers are visited heavily in 
early nujrning by MelijHfna ehnrnea. M. Julif'inosa. and 
a variety of euglossines — Eiilaerna and Eufslossa. as 
well as Eiuchahs, Xylocopa and small meliponines. 
Where these l>ees are absent, halictid bees such as 
Aufiochlftra and EsetulafitK'hlitntpsis come to the flowei-s. 
Honeybees do m»t flnd this flower attractive. 



C'ajatiiiff — ptgoon poum jiintidii 

( ijeguUnino»ao >• 

C. cajan is a shrub that grows wild in Africa and is 
widely cultivated on a small sc'ale in subtmpical and 
tn)|)icid America Howers are auUxnalically s«*lf-|X)lliruling. 
even before the flower opens, but an* later visited b\ 
IxH’s and lo a small extent <»ul(‘rossed. 

C'cifMiniiii — |M»pp<*r 

(Sola nawa€* )• 

C. annnum and the chili |x*p{x*rs (five s|XH*ies and two 
varielit's) are originally Neotropical, and now an* ex|X)rt«*d 
lai^cly fnim (diina. Malaysia and Mexico. Flowers aie 


li(*miaphn>dile but stigma receptivity piveedes anther 
dehiscence, thus oiitciossing is favon*!!. rhe |M)silion of 
the stigma Ix'ytmd tlm n*ach of anthers makes selfing 
unlikely. Pollinators are solitarv l)ees such as the 
communally-nesting Exomaloftsis. and also the scx-ial 
l>ees. Homims. Pollen is gather«‘d by small slingless 
lx*es such as Trigona (Tetragonisva i angusHtla. and also 
a varic'ty of small haliclids but they prolmbly are not 
eflective jK>llinalors.G//«/rnm pnxliici^s nec'lar. but the 
anlheis of Caficimm. like other Silaiiaceae. are f)oricidally 
dehiscent. Pollen is often the only rewanl to visiloi-s of 
flowers with porcitlally dehiscent anthers, and it is only 
effectively collected by siune kinds of bees — 
excluding honeybees. However, the nec tar of the chili 
ficmers makes lliein allraclive to honeylx*<*s. as well as 
flies, all of whii’h {xdlinate. 

C ari«*a — ( C Virircu*c»fi€» >. C. /x//xi v« 

is a small tree that may pnxliice gexx! cn)[>s for a few years. 
Fruit is consumed lix ally and seldom c’XimjiIihI. Major 
pnMiiic«‘rs an* Brazil. India. M<*\ico and Indonesia. Both 
male and hermaphiodile flowers are IxHue. usually on 
different trees and also at diffeient tiim*son the same* plant. 
Some ciiltivars. such as”Solo'*an*gyno-di(x*<*i(His. having 
some individuals that are strictly female — one male 
tn*e |x*r every 25 females is recommended for adt*fjiialc 
fiiiil set. FA>lliiuitoisaie luiwknxiths //>/<*.< and other s|x*ci<*s. 
but sonx* hennaphnnlite floweiw iieadily self-(X)llinate. and 
aixMiiixis cannot lx* mh*d out for some <*ullivurs. Nectar 
is providcMl <nily by male flowers, which are visited by 
sunbinls (( )ld-\Abrld tn)j)ics). hummingl)inls (N«*(»ti'opu*s). 
Ix*es, flies and hesjx*riid butU*rflies {Eerirhares). So far. 
(nily hawkmoths and butterflies have been observed 
consistently p)ing lx*lween male and female flowers vvlwn 
stigmas are receptive. 

C'iiH*fio*ia — (ffiibiacccH*). 

The bark o( Cinvltona and its several <*ultivated .South 
American sjxx ies isas<Hirceofdmg> us«*d jigainst malaria, 
fever and cardiac arrhythmias, \egetalively-pnnuigated 
hybrids an* cultivated mainly in Zaire. Indonesia. India. 
Bolivia. Kcuador and Pc*ru. Flowers an* hennaphnxiite 
iuxl diinoiiJiic, having either pnHniding stamens or stigma.s: 
they reejuire cniss-|K)llination. piii*|x)rtc*dly by flies. Iiees 
or butterflies. 

f C'liciirbilnrecu* >• 

C lanatus is native to Africa and now widely cultivated 
in the Neotropics. Hccneybee hives near crops are 
believed lo improve fniit set. but data are inadequate 
lo evaluate the value of or otlu*r flower visit(»rs 
in the field. Fh»wers on a single vine are male or 
female, although some (‘iiltivars have* hermaphrodite 
flowers that are self-fertile, but not self-f)ollinating 
(i.e. lh<*y m*ed to be visited by a pollinator). Work in 
India slums that honeylHH*s and Trigomi (not Melifxma, 
as given in the literature, because this genus does 
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ruM i*\is! In llu* 01(1 Worhl), IrtMjiiently rollerl lUTtar plantalions. friiil*sel is increased hy 

and |M)lleii at flovNcrs. pollinators, wind is aiiotlu‘ 1 ' major pollinating agent 

and selling is insignificant. 



C'ilrtix — (RttUtvoa€»)» 

Tliese small Asian trees aiv \\ld(‘lN cultivated ihnnigli 
(mpical and sul)tn)pical America. To pHnliice seeds, cilius 
n'Cjuires a |)ollinalor. hut tht‘ saiu(‘ is not always tnu* l<u 
fmil pnKluction. Aganios|)enn\ Is eominon (se<* S*eti(Hi 
1.1.3} Bleeding systems van. gr«*ally l»elween sfM*cies. 
Kndos|K‘nn may lie iiiiliattn) hy fertili/ation and nonnal 
pollination, hut shortly thereafter an apomictic emln\o 
invades the ernhnd sac. outc(»m|K*tiiig tlie sexually- 
ptiNiiietN) emhrvo. Flowers may U* self-|N»llinating (see 
Seciion 1.5. and I). Citrus farmers in the 

Neoliopics us<* honeylKM* colonies, now solely Alricanized 
honeylM*es. within extensive plantation^. 


(!u<‘unit»er • Cut utiis 


female flower 


C. arahira is <me o( the nine African cultivated species 
(ol ()OsjM‘cies in the genus) and is the only tetraploid. thus 
liktdy an anillcially-s(‘le(’ted liyhrid. All diploid s[M*ci4*s 
an* self-sterile and re<|uire <»iil( n>ssing. done largely hy 
Irees hut also hy wind. Idrge \eoln>[)ical pnxiiicers of C. 
armliira are Brazil and Colomhia with Costa Kica and 
Mexico coiisideralrly smaller exjxiileiv. Hives ol honeyl)e(*s 
aiv introdnetul in lhe(>\(4‘Usive(‘on(‘e plantation anxts and 
g(‘nerally ait» Iwlieved to impnwe yield, (hie hive each 
1(H) m has been recommended. However. Ilmvers art* 
hennaphnKlile. st*lf-feililt* and autogamous: lht*y also may 
he amphicarpic. meaning that some flowers retjuirt* 
visitation nm/ oultrossing. 
while otheis d(UK)t. .'Sudies 
on enhaneemeiil of 
piiHliK tion through cn>ss- 
pollination hy Ik*4*s art* 
fairly mimerous; insect 
visitors a[>pear not to 
greatly (*nhance setnl-set 
and fruit maturation. 
altlxKigh many s|>eeiesaiMl 
genera, w ilh l/n'.v arnl 
Melijuma pr(*domiiuiting. 
gather pollen or nectar at 
floweisi. 


C 

Mild ctc<*icitifH*r 
( Cticiirbila<*c*ac* )• 

Fruits td C. niifiuria 
(%(‘otrofiical) C. me/o 
(African) atui C. saiirus 
(South Asian) are either 
(•(Hiked or eaten raw. all 
hut the first are 
cultivat(*d worldwide in 
the tropics. Honey hee 
hives are introduced to 
improve vield. and hees 
in general are strongly 
attract(*d to ii(*clar and 
pollen of the llovvers. 
Flowers are male or 
leinah*. hut some plants 
have hermafihrodile and 
male (lowers. Flants are sclf-eomiiatihle hut insect 
visitors are re(|uired. and honeyhees are the most 
common. One ioraging hoiieyliee per each 10 
hennaphnMlite (lowers was recommend(*d to ohtain full 
fruit set. KlTici(*nt p(dliiialion of cantaloupe and 
sweet melon in the Neolropics should reijuire 2-3 
honey hees colonies/hectare. 


fi-mule (lower, 
fmil X oviile> 
(M'CliolU 


mu e flower 


This southeast Asian jialm is visited heavily hy 
honeyhees and stingless hees. W hile the hees 
collect |Killen. wasps and other insects also arrive and. 
along with hees. colh*ct nectar. Separate male and 
female floweis are home on the saim* infloresc(*nce. 
Hives of honeyh(*es ari* used for p(dlination in 
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C*iM*iirf»ila — s4jfitaHh and gmttds 

( CtH^ivbUiaceae )• 

C. (H’ixt aiul lliiventlier( iihi\al<*<l an* Inmi a ^n»u[) 

ol aUnit 2o'‘))t*< ies. all \enhi>piral. ori^^illall\ Imm Mexicn. 
riu*s<* hf^Hwceous niiuiin^-\ities (lis|H"is+xl IxUli rioilli anil 
MUilli alonji willi tlu*ir 20 rs|)ft i«*s ol |Millitiatoi's. soliUux 
Iki^ ii\ jlir wfiirni and \cnoglossa. Ilu* dowel’s 

are male or leniale. appan’iilly not s4-lt-rnii)|MliUe among 
llimeis ol one plant, and iheielore ouIen»ssing In l»ees is 
n'ljiiii'eil. liolli large and small eaqienter bees. \\lorojHi 
and l^hhilis. and \pi.s. among main other U-e geneni. also 
|Mtllinale the lloweiv: 2-4 hi\esol I. //fe//y/em/lieetaie have 
Imh'ii used for {lollinalion. 

Efu^is — .tirican oil palm fPalMia^). 

/•J. f'uineensi.'i is primarilv a vegetable oil emp euhivaleil 
extensively in western Afriea and >oiilbea>t Asia, but now 
is )>lanted in large areas in lowland Costa Kira. 
(Colombia imd Iv nador. s<nnetiine>. neareongenerie s|)ocie> 
native to America nith wliieh it [H'oilnee> h*ilile hvfni(ls. 
Hees \isil the male infl^neM eiiee-. to eolleel jMilleii and 
are not fmllinalors. while beetles ol llie (amilies 
i Amv\uH}ii\i}i‘iHI(U'uIi)i)iiis. Mineral sj)ei i<*s)an<l Nilidiiliilae 
(4/i.s7fo/M-) visit both mule ami lemale lloueis and are 
res)K>iisible lor almost all (niit set. (see Seeti«m 2.A.4f. 

— roffoii fjVfalracen«»|. 

\n»lmpieal f/. hhsutum and C. iHirUnlt^nsr are the worlds 
most exleUMvely enllivati’d coltoiLs. among the 12 eiiltivatnl 
S[)eeies and varieties, the oldest ol which is Alrieain 
indigenous s|M*eies are lonnd thnniglmul the tropics and 
subtropics. Kxtrafloral and lloral nectar lioth attract 
jvollinating 1 m*is. wasps and other insects. Kloweis. are 
largely sell-|M)llinaling and outcrossing is minimal, but it 
doe-^ improve yield. 1/c/y.s.sof/c.s and other solilan bees 
afifM^ar (o Ih* tbi‘ m<»sl im|)oi1ant native (xillinatois. but 
l/a.<. liomfms. \\loroii(i. and a few other insei ts are 
)Nillmalois. 

Haiutnihus — MiiiHoirer (Cam§Hts%ta^^ 

H. anntiiis is exjMiiled laigelv (?orn Aigiaitiiia but is gmwn 
worldwide, mainly in temperate climates, bike 
eom|K«sile tloweis in general, it is visited b\ a wide vanetv 
ol native I Mx*s that mav s|xx'iali/(M»n its |)ollen ami mx-tar. 
As jn)llinalors. the huger xJilain l>ees and Httmlms wen* 
undoubtedly the im»sl iin|>ot1aiit fxillinalois. but all the 
seven or so \}tis sp»x ies visit lloweis when* inirodiieed. 
The lUMi-bybriil varieties < an self-|Millinale but U nefit 
gn'atly from outemssing by l>ees. 

— rttMn^r (Eu^dt^frhiaceae)^ 

H. hmsilirnsi.s is the most important ol all natural, 
eonimeivial elastomers. Fmm its oHgin in the Bia/iliaii 
Amazon it i.s l>een widelv disiriiniled loi commeivial use 
in low land (xjuatoria) wet loivsls. Howeis are either male 
or female ami sell-[)ollinati<m (strictly dependent on 
[Mtllinatorsi within an inlloivseenei* is rouglily 10-20^^1 
as priHluelive as eross-|>ollinulinn. Mies at least of the 


genera Dasvtwla. AriruhofHt^an, hon ifktmvui. Sfilt/Ik>::zui 
and (Mlicoitlt's an* the main pollinatiirs. Nmi»‘ stingh*ss 
liecs. of ibe genus Tri^mui eolleel |H»lleu. Im>IIi in the New 
World and the Old. but provide minimal )M»|lination. ami 
\fii.s olleii do not eolleel the jiollen at all. or only visit the 
exlrafloral iieelaries. and ven seldom visit the* lemale 
lloweis. Nos|kx'U*soI . l/w.v a[)jx*ais to U*a n-liable iNillinator 
(>\ ibis en»p. 

IpotmMMi — xireel potato 

( ConrolriilfH'poe )• 

/. Ikilatas is widelv eiihivaletl. with HXKIs ol < ullivars in 
tin ee cultivated species. pKKimiion is Ihgliesl in Asia, 
next highest in Afriea and lowest in tropiial Ameriea. 
when* these erojis originatixl. HermaphriMliie I1 oW(*iso|m'ii 
in tile evening and can lie polliiuUeil until eadv tlie lollowing 
morning: sell-incom|Kilihility and eniss-ineoinpatibilily 
are know n: iTos>*[M»llinalion |[)erhap-' ineinding mM-lumal 
|iollinatois) is neeilixl lor seed >et. Swneap[Kuenllv ohligiile 
visilois ol this genus in the NtHiImpies are Mrfiutma and 
\nt\\lastf'ilis ( Anthopliorinaet. and Mrlissiklfs visils llie 
llowets wheie the lonner. native Iwes are al»enl. Manv 
othiT Imx‘s iM'casionallv visit (loweis. 

i^eopentUHttt — totnato (Soianaeoao)* 

L esruh-tUum is one t>| the six s|teeies. all native to wesieni 
Smlh Amerii a and the (ialapagos. Tonuito is a [xillen- 
onlv lloWiT visited liv biinil)lelMx*s. llie larger halielids. 
anihophon lies ami other fni/z-iolleeting Imx*s. Flowem are 
self-leilile and mav self-pollinule with the action ol wind 
orsliaking. I>iit eross-|X)llination is lavored hv stigmalie 
reeeptiv ity Ixdiav anthers deliisi e (set* also S'elioii 1..'5). 
lAirlheiHK-aipie linils an* sometimes pimlueed. 
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}tangii€*nt — iiHiiicfo (.tii«rcfrdi<i<*<*CK*). 

I/, indini is among the moiv tlian (>0 Asian s|MM ies: 3 
olluMS an* ('iilli\alo(i commorrially. Ono (>r luo lortilc 
slaiiiHiscKruron llie liomuiphnKlilo llov>ers: male flowers 
iiaveaiialxMleii pistil. Sligmas aiv immtniiately rt*i‘ef)li\e 
and seIf-|K)lliiuilion (K*curs. Inil cmly when visii»*d l)\ a 
pollinati)r or otherwise transported. I.ike Cilriis. 
iigamosp«*mn is the niK*, hut endo>|Kim tissue onl\ ivsults 
from |M)llination. whether or not the enihr>o is a elone of 
the fenuile ixireiit plant. Some eultiNars. at least in Vle\ieo, 
often are kept with liivesof lione\l»ees toensuiv adeipiale 
fruit s«*t. Flii*s aial Imh*s are the major |K)IIinatois. when* 
|N»llinalors an* iieee>sai’\. hut vi-sitoiv an* e\ln*mel\ rare 
on the floweis. 

Ifaiiiliof — rnxxnt'fi. iiiaiiMM*. 

\t. esculento is anuMig tin* 2(H) Ni*oln»[)i< al s|M*eies. and 
is grown llmHighoul tiu* tropics hut nowhere known in 
the wilil. Africa is the largest pn«lueer. then \sia ami next 
the Neolnipies. Mowers are either male or female ami 
ouU'iossing h\ lN*es is enfoived hy la< k ofsNnehioii) in 
o(M*ning hy male and female flowers on an infloivsee*nee. 
Tri^ona and «)(hersriu)ll to riK'<lium->i/.4'<l U*cis an*eomnHMi 
at the flowers, eollm tiiig ne(*tarand |Millen. 

.Vicolinim — (Sofaiia€*c*fu»)# 

A. tolmcum (and pnrhahly thi* eight other cultivated 
s|M'eii*s) is seii>|)ollinating hut hiimminghinls. hutt(*t*fli«s. 
Urs and other insects s<*<*king its lui larr aiisi'oiiten losing. 



^ (A-ntris \ W\\\n^ Piissifhmi 

^ r-sfition) 



Stigma ami styli* lengths varv among <*ulli\ars. thus 
inniieneing the r hanees of selling. Self-ecmipiitihility is 
likelv pn*valent:eiv)ss-ineoni|iatihili(y ha'^ also Imvii found. 
Pollen fmm the |kiiteiil plant is at a disadvantage eom|)an*d 
to that of other plants, wliieh pnMim e |)oI 1(M1 tiiU's that 
gnrw much faster to reach the man. Some male-sterile 
varieties, userl (or see«l pnMluetion. retjuire outcrossing, 
[inwided at least hy Htmfhtts and Apis. 

OpuMiUt — iio|Nif. privkiy p<*cir 

0. Jiais-ituliai is eomineivially cultivated in drier tn»[>ieal 
areas and originated in Mexico. Snne s|K*eies. such as 
(). (luranlittra. aiv agamo->|>ennous. .\omial |M>llinators 
an* pioUihly hiids and U*<>. hut d<*tail(*d stiidks r^visitois 
and hreeding s\st(*m an* lacking. 

P. ar^ntlahtm originatefl in suhtmpieal northern Mexico 
and is cultivated in the dn Impies as an elastomer emp. 
Ifoth mhlK‘r(‘(»nti*iit of st*<*ds and seed ptVKiiietion iueivase 
with en>ss-jM)llinallon. Ilie hennaphmdite flowers areself- 
ineornpatihle. with l/i(.v an ade(]uate [xdlinalor although 
th(* most ini|ioi1ant native jHillinating inse<*ts an* unknown. 

PassifU$r€t — fniif 

( Pfi.sjvinorci<*e<u>). 

rdulis is Neotropical and the most emnmereially 
sueeessful of .'v(H) ^|)c« ie>. eliinhing \im*s native to most 
of the mainland tnrpies hut nearly till Ne*olnrpii*al. P. cdidis 
var.ef/n/rs IfHiiple gi'anadilla) is giown in liopieal highlajxls 
ami the suhtiopic^. whik* P rdidis \nr. J1<uinirit<i (yellow 
granadilla) is lM*ller suilt*d to lowlands (.see also Section 

1, ll. The large flowers an* visited hv a variety of he*es 
and other insec ts, and also some luiniminghirds and 
kinana()uits. kirgerlrees that vi.sil Passi/htni am\ |M)llinate 
it consistently in the Neotropics are \\locopa and 
Ptdoplossa — \ylocopa is also the principal Asian 
|)ollinalor. \erv few (loweisaivaulogamou.s:M*ll-andcix»ss- 
im*om|iutihility within (*lotM*s aiv common. (aoss-|x)lliiuilion 
gn*atly impn>\e^ fniil .s«*t and (juality. Hom*\lK*e hi\r*s an* 
sonielim(*s us4*tl to enhance |Nillination and management 
of \ v/oro/wi is not at a technical level, as now in Asia 
(seeS'clion 1.5. ll. 
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Persia — arocado (Laurae^av), 

P. iimerkanu is pnHiuccd mainly in tnipical America, 
wlieie there aie three main jm)U|)s of eiillivais — Mexican, 
with sniiiller fniits atal acLi|i(e<l to |aiorergn)win^eoiHliti(His. 
(iuatemalan. larger and with rougli skin, and West Indian, 
tile lai^iest, with smiHrther skin. Imt imieh hsis resistant 
to I’lK)! tem|)eratiiies. The hemiaphriKlite Howeis exhibit 
two flowering seheilules: stigmas receptive the morning 
of <lay I. pollen shed on the afternoon of day 2. or 
stigmas reeeptixe only the afternoon <if day 1, |M(llen 
shed the moniing of da\ 2. Cultivars of Isitli are needed 
to ensure (xjllination. even ihoiigli the receptive (lericKls 
and |Killen availalnlity overlap slightly for the two llower 
types, (iiiltivars vary I'ronfself-eompatihle to self- 
ineompatihle. hut eross-|)ollination always improves 
puKliietion. Bees. Iiats. wasps and flies aie |Hillinators in 
dillerent [xirts of the wodd. Honeyl)ee colonies are st(K'ked 
at densities of 2-3 eolonies/lieetare to maximize fruit set. 

l*haseoliis — eouunon hfaii 

( lA^f/ttminosae ), 

P. nilgari.i is one of seven Neotropical hean s[)eeies 
eultixateil widely. Howeis self-|xillinale U|h>ii o|»’ning hut 
remain receptive and can lx- fertilized with |Milleii from 
other plants during eight hours. 

Hxleasix e sturlies of native [xrllinatois 
were made hy Burquez and 
Sanihkan in Vlexim. Many different 
Ixes can emss-|xillinale the flowers. 

Svchium — chayote 
( Ctieurbhaeeae ). 

S. edule is a |x'rennial vine whose 
main produel is the fruit, eaten 
cooked. Oulerossing is needeil 
Ix-eause flowers are either male or 
female, with female flowers more 
altrdc-li\e to \ isiting Ix-es anti wasjrs. 

Small bees were by far the most 
fnx|uent visitors in Costa Biea anti 
inelutletl primarily meliptmines. 
genera Trigona anil Parinnuma. 

Honeybees very seldom visited 
flowers. 

Simmondilia — Jojoba 
(Sitmuondxiavoao ). 

SimimmdsUi chinensis is a native 
siiblropii'al simib of soulhweslem 
US A that is iliixx ii Ills anil hasseeils 
yieliling wax anil oil. The largest 
piTxhieers inelutle the southwestern 
US A. Costa Uiea. Australia. Brazil 
and Paraguay. Flowers are |xillen 
resourees for Irees. and honey bees 
eoniribute to |xillen dispersal by 
enhaneing wind pollination when 
landing on flowers to forage. 


Solamim — oggplanU potato 
& naranjUla (Solanaeeae). 

Solimiwi s|xx'ies are |xillen-otrly, hennapimxiite flowers 
and several fnxn .Sxtih America are exterrsively cultivated. 
.S. quiltx-nse. lulo and narajilla. are eullivated principally 
in highlands of Keiiador to Costa Biea. Their |xillinators 
ate Purnhwi anti |x-rliaps also Eulaeiim. birt no detaileil 
studies have Ix’en ntaile. Flowers are self-eoni|)atil)le but 
visitation is tet|uiteil by buzz-<'olleeting Ixes. .S. metongena 
(eggplant) has Irennairlmxlite flowers ilisjrlaying iHKenislyly; 
sonte flowers ate able to self-|xillinate. Cetlain cultivars 
ate male-sterile, thus hybrids requite Iree-outerossing to 
proiluee seed. Exomalopsis is one bee that effects 
outenissing and honeylxes. failing to buz.z-eolleet pollen 
anil Tmiling no nei tar at flowers, ate jxxtr |xillinators. N. 
nthiTimiim (|Milato) is often self-pollinating, but self- 
ineompatible and tttale-sterile eititivars ate known. For 
ents.s-|xillinaliiHi few liees find the attioutil of |x>llen oflered 
[XT flower a sufficient award. Inti tentative visits by Homhiui 
and . Ipis have Ixen seen. Native Andean flower-visiting 
lx*es ate listed itt Ser lioti 1..3. 
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Thoohrmnm — oaocio f 

T. cacao, a small Iree arnon^j what aiv intfrijrrUHl as 4-1 1 
sjx^ies. is cullivaled principally in West Africa. Brazil 
and Malaysia. Flowers aiv liennaplmxliles but selling is 
irn[M)ssibit‘ due to separation of antli 4 *rs and stigma: self- 
incoiiipatibilily has l>een shown. Principal pollinators 
are flies. //iswM//e/c« and Forciixmnia (CeratU|K>gonidae). 

Vdniffa — i*atiifla (OrrliidciccMic*^* 

At least two of llie crop species used, planijhiia and 
f)omf)ona. originated in s<mthern Mexico ami (Vnlral 
America, where the [xdlinator is the social euglossine l>ee. 
Kiialema — nonnally the smaller s|)ecies — fx)lychmma. 
sfteviosa, cingulaia and nigrita. I'lu* pollinariuin is a 
triangular wedge carrie<l <m the Im*c*s .scutellum. and is 
ea.sily identified in the field. Only oiilcntssing poMluces 
feilihr stxnl. fhe flowering sclnnlule of this [)lanl. at least 
in nalun*. is not well undeisUKx) aixl Aim's not (x*cur yearly. 
Uleraluiv reference to Melifiona as a primai-y |M>llinalor 
is baseil either on inc(»iTect identification or an alK*mmt 
occurrence. does (H-casionally visit tfie on liids 

Max Waria fuid \yh)lmim. Ixil far less tiian do other slingless 
l)ee genera. 
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tM HJFEHWTiVES TO \RTiFtCL\L 
POUJVtTOK POPUATtO^S 


ApiriilUiral j>mrtires luive uiulerpone (Imstir clum^es in 
lh(‘ la<t UK) v(‘ais. and witli !lu‘ push lowani mt'diajiizalion 
in llie pasl few tleeades, ever lar^<‘r areas have been 
eiillivaled in sinjsle en>|)s lo inerease pn)fit. Cliemieal 
aprieulture wilh its new fertilizeis. hed)ieides aiKi fieslieides 
has inereasinglv employed. IJiil al whal eosl? Hie 
applieatinii of iiHliisInal <‘<‘onomi(*s. with higher and hi^ier 
pnKluelion goals, did n<>! entisider long-lenn efltnis on 
|)ollinalnrs. Allenlioii was given lo |xillinali<Hi recjuiivnienls 
of many en)|]s (Hily after the changes in eullivali<in practices 
demonstrate<l new pnxluclion limits, ami thus had l«) l>e 
coiTC'ctt'il. In the nu^antime. natural |N)llinator |)opulations 
were already nuicli diminished or lost. II as re< enll\ as 
the turn of this centurv honeyl)ees weiv still considered 
dangemus and damaging lo fruit on hanls. it is not dilFicult 
to accej)l (hat the Iremeiidous progress made in 
understanding InMieficial interactions (jfinse<is ami plants 
has given rise to many |M»teiilial applic ations that have y<‘t 
l(» l>e implemented. 

\llh(»ugh agricultural practices similar Uj those d(*scril)ed 
uUwe have Ix'en promoted in Urih tropical and sul>tn>]Hcal 
developing countries for a long lime, many regions still 
are in the process of l>eing transformed to this type of 
exploitation. Other areas, of course, have come under 
diffeient kinds (»f pr»*ssim‘s. such as |>opulation gn»wth 
ordesertificaticHi. which also leml lo drastic luiliital changes. 

In this chatiler. ideas are pivs<*nled fimm the persj>eclive 
of pollinator needs and for improving both degraded 
habitats and th<»se still to In* Iraiisfonm'd. That such a 
discussion cannot neglect scM'ial. technical and olh(*r 
envinmniental concerns shotild IhmiIivhuis. At the' same 
lime it is l>eyond the s<'o|>e (»f this IxMik to (consider all 
|K»ssible as|)ecls. Tlierefore. emphasis is given to ideas 
and principles that should l>e considen*d by plamu*rs. 
tec hnicians and others involvt^d in making both 
sustainable agriculture and multiple, sustained, noie 
destructive use of forests a reality. I'he concepts 
necessarily include various subjects — (or instance 
biological |>est <-onlrol and pmmolioii of less ( apilal- 
intensive farming practic es, stu b as intercropping, 
mtatioii. and cover-cn){) t)lantings. In the end. these ideas 
re<|uirt‘ a new but not necessarily more difliciilt approach 
to the* im{)mvemenl (►fagric'iiltural c'fbciency. 'Hiey greatly 
rely u|m>ii a Ix'lter understanding of the* biological, physical 
and siK'ial interac'tious f<ir all agricultural pUKluclioti. 

lo suggest practices like the (oregoing examples to v illage 
eommimiticsi and ccnintries that have much more pressing 
problt'iiis may se<*m I«m) idealistic, particularly when such 
practice's are' not employed in some of the mc^n* stable 
industrialize'd countries, which are not fac ing c-onliiiiious 
eme*rge*ncy situations. Howe*ver. traditional agric ulture is 
often very similar, although in a rcMluee'd scale, lo 
modern approaches that minimize dependenc*e on 



agricultural chemicals and de'stnictive land use [)ractice*s. 
My goal is to jMiint out some alternatives to the mere 
increase of agricultural [mxluction at any c-osl. Fortunately. 
tht‘i*e‘ are' sc»me* ways that can Ih' emiplcwc'd without nc'cnl 
of laigc'-scale. IcHig-lenn sc-ientillc studic's. huge* investn>ent.s 
<»r loss of pHNluctivity. by simply using common sense. 

It sc'ems unreasonable to place an additional burden on 
the' shouldc'is of the weakc*st link of the c'haiii. the primary 
pnxIiH-er. nieivloit* a communal or conc«Tl«*d enbrl might 
be necessary. Such an effort could be prcunoled by 
prov iding other InTiefits. such as belter pric'es. more 
access to maiHcels arxl privileged ac c-ess to the (Jinnipiesenl 
>ubsidic's. (]oiisec|uently. it rc‘c|uir*'salsoachangc in the 
attitude of Ick uI |N)lilicians. bankers and merc*hanls. as 
much as of all those c‘ountric>i and organizations being 
the primary soun*e of financ'c's. buyers, tc'ac hing and the 
transfer of Ic'chnology. riuis evc'ii tin* impn)vemenl of 
pollinator availability becomc's a ‘global* problem in 
the' purc'st sense', lake all glcebal prolrh'ins. the solution 
('an only begin with the smallest detail and the 
attitudes of eac'h and every one of us. 

Here are some ideas for those w ho can tes^t. improve and 
traiisfc'r them lo those' who need to imph'inc'iit thc'in. and 
to those' who ('an include them in the mosaic' of a moie 
global, more complete plan of development. 

f .fjL I ff e<*hatiicaf PoUinatian 

Pollinati(m by hand may be feasible under a few 
limitc'cl cin'iimstanc'es and for smalbscah* production 
like home gardens. On a larg»*r phnluctitm sc*ale it is 
not profitable. Traditional dale palm pollination or 
sometimes passion fruit and special hybrid seed 
prcKliH'lion. as well as orc hid propagation, inc luding 
Wim7/o. is dcuie by hand. Increasingly , even for greenhouse 
production, insect fKillinators are usc'd. Mec hanical 
pollination of fruit trc'c's (apples and peac hc's) with 
lai^e blowers has l)een tricHl. but was never incoi*poratcHl 
in commercial enlerf)rises. Thus, hand or mechanical 
pollination will remain rc'strictc'd in applic ation and 
cannot ri'place pollinators in agriculture on a large sc ale 
(see also Section 1 .4). 
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f.fjL2 ffcibilof fiatuttginmmi for llifd 
Poflitiafor^v 

I'Im' luitum) |M)lliiuitotso( wild fiLmts ami al^oapiruiUirjl 
(•ni|»s im lml<- a uidr \aru‘t\ ofoivaninns. not nii!\ 
arid (<‘r1aini\ m»t lion('\iNt'>(cL'<slM»vM] in ollicrs4‘ctioti> 
of liiis manual). Hul asiilo from llio (Hitlinators 
{M)f uoran nkmi|)iilat^ or iiuuui;?’ in lai^'t' nuinlM-i>. 

ll«*iv wide atra\ of Imt and non-ini* |«»llinatoj>cajwlilr 
(»f |K»|]inaliii» agriniltiiral rro|>>-. Nol (ho loasi im|M>i1anl 
aro a \ari(‘t\ of llio. Out a liiindrrd difirivnl iiixi-i 
>j)erie>. ran ol>smo<l on flowoi-s of sonu* fmil 
tliougli not all ronlrilnilo >i^niriran(l> to llioir 
pollination. Maintaining smdi a diverM* ins«M t launa 
iiu'n*asi> llir clianco of Mifllrh'iit |M»lliiiation uillioiit tlir 
tuml for additional |N>llina(or |Mipulalion>. 

In onlor to luuf surtlrM*nl wild (»ollinat<»rH. tlioir hal>ilat> 
must Ih‘ |)n‘x‘r\nl and niaintainrd. That nu‘ans adult and 
lanai stagoofthr |M»llina(ois n<iil (ofind thrir ((mnI (ofirn 
highl) sporiflr llouors, loa\os. olhor insrris. otr.). Koi 
many, nesting silos an* also n*(juinil. Smie insn ts ni|uiiv 
certain s4)il con<litions to suni\c during one ol the ir life 
stages. Tor migrat<ni. s|K*cies like '•ome humininghirds or 
Asian and African liom*vlM*e>, the habitats nctiKil at each 



KoaiUiiif |)lanl«‘il uilh u <ii\4*rsii\ oj |ilatil> - rin-tis, hihisriis. 
fll\rirhliuni, vaftsii urn, riinnu. tTiku nut. 

Thr kirgrr pLiiils will gntw lo prox tdr and iniot pnixiilr 

mill ii'tiigr* tor |M)lliiiiilor^. 


c\tn*mc of llu* migrator) range* slmuhl U* pi'e*M*iM*d, in 
onle*r to assim* llial sufficient nuinU*rs n*tuni during the 
next migrator) se^ason. In sheert. we have* to know the life 

histoi) and leejuiri'ments of those* specie's \\<* want to 
e-otiscne* or imiltipl). Hiis is a di*manding task (*\e*n for 
the inuch le‘sseli\ci>e* launa ol the* U'ltcr-stiulieil lcm|M’ratc 
e limate's. l ortunatel). hov\e\er. as long as we pre*scne 
wildlands with lhi*ir original plant (‘o\i*r. much ol the* 
eliM*rsit) will maintain itself. 

How can one de*lcnninc the right si/e of habitat for such 
[uir|H»se*sy Here we fliul di\ieled ojiinioiis. Ihi ause fe*w 
<le*llniti\e scie'iitille* stuelics will e*\e*r U* comj)le*leii in time*, 
the* onl) sale* appniach is to e'onse*n<* the* large*sl |M>ssibli* 
an*as. Minimum ni|uin‘nH‘iils for sonic of the lK*l((*rs|iHlieil 
large*r animals ami seime 4*i-o>yst«*ms are known. Insei t 
pipulations pmliabi) do not neiil the* laige* haliitat nijuinii 
b). fbre*\ampli*. mammalian pnilalois. Since* man) iiisii-ls 
do. how<‘\e*r. de*|M*nd on olhe*r plant anel animal s|Ki-ii*s. 
llu*\ like'b nee*ii sonu'whal evtensixe habitats for their 
sunixal. The* more we le*ani aUml the U*ne*fle ial iiisen ls 
and other animals, the* lN*t(e*r we can pre*pare* sinalle*r 
habitats for tlie*m. 

In e*asi* we* are* able* to maintain onl) small islanels of 
non-culli\ateN| land, we may ha\e le)seleH ti\ely plant and 
e'ontn>l s|Mi'ie*s in those habitats in onle*r to maintain the* 
pollinator |ieiptda(ions that lM‘tle*r suit the* n(*e*ds eii our 
spe'cial e*m iionineMils (se*c also Su tiem l.f). II the menv 
ini|Mirtanl natural (M>llinatois fe>r lhe(‘n>|)s an* kneiwn. plant 
species use*d by lhe*sc pollinators r an be plante*il or 
maintaineil se*lei-li\cl). Ihus. availability eif llowe*is wenilel 
be* assuie*el at the* ceHTce l lime*, fhe'se* sedtvlcel habitats 
ne*eil more* ael\ance*d plamiing in lanel use* and the*) alni 
mill mein* manage*me*nl liee ause* they an* le*ss stable*. Iieing 
large‘l) uilificial. The less that nianagcme*nt e>f an an*a is 
possible*, the large*r the* are*a will have* to be in e»rde*r te» 
maintain the re*ejuin*d s|Mi ie*s eliveisity and abundance*. 

In elille*ivnt n*gienis ane I climate's. tlK*coni|K)sitionol ivse*i\e*s 
or pn»te*cle*d habitats must differ, but they slioulel all have* 
a fe*w characle*rislie*s in common — 

• as 4ts jHAKsihlr (uliivrsil} of liMalarliHftIh wlaftlcd 
ptiUUs 

• fnuu erv/wware* /e> /^ewrie n/ev 

• nmim tion hahilat ‘patvhes' fo atlan sfmies 

c.wiumfsr. mif'ralian, dr. 

• sullirirnl numlnrs and distrihminn of surh hidiiUtls in 
order to pnn idr Itenefits to man\ afirindtand pnHlarrrs 

The e'conomic lM*ne*fil of pmle*c(e*el habitats canneel be* 
justilie*el e>nl) by the* preevision e>f pediinalors ami 
n*sulting pnMiuctiein ine*n*ase*. patlie*ularl) if the*n* arc lew 
crops plant(*d that benefit Iniin abunelaiil pollinateMS. 
AelditieHial value's have (<» lie found and u plausible* intrinsie* 
value for the len al |Mipiilation. since mone*tarv value's are* 


PitHiiuilum l^IttnU in thr Yhyms TU 73 i3) 



\ic4tiuinii 


ufUMi of less ini[Kii1anrt‘. In oitlcr to inakt* the adilitional 
eflori uortliuliile f<jr the fanner, these small pieees ol 
‘unused* or ‘uiiaeslhelic ’ land sluudd preferably ha\e 
another «lire< t lienefit. like the f)mvision of water, Hrewtuid. 
fniils. f(Klder. windbreaks, soil inipnwement. c»r etx>sion 
(triitnil. II siLsUiinal)l(‘ biliitaUaiv to lx* eieated or presemxl. 
intrinsir valuta might include: 

• Iniditioiml ftj {flfinis ond Jorrst.s for hiinlitif! 

• JiHxi rvsmrs for years in n hirli vrojis fail 

• medicinal resoanvs 

• ven'monial or ridi^nms uses 

Thus the reser\e size* or species composition of such 
habitats might U‘detcrmini*<l alsoiw intendiMl alternative 
uses aial eslablislied values. 

\\ hereas lai)j:e reserves, sui h its ‘Hi<»sphere Uesenes* and 
‘World Heritage Uesei*\ e*s’ c*un and must consen e w hole 
ecosystems, main small habitats can presen e the natural 
IxMieficial |K)llinator sjx*cies where they are m*e<h*tl. Ilie 
smalh'st such haliitatsan* field UHindaiit's. hnlges iN'twetm 
fields and foi>sit edges with various stag<s<of siiccessioiial 
plant growth. Following in size an* lallow Helds. [danUHl 
fon*st patches hnTm*w (MKl and other communal or private 
uses, forests along river edges {riparian forests) and other 
jxx'kets of mon* or less nianagt'il natutal forests. | avferalily 
all connectetl to each other. 


f ) 

Hedges have plaw*d important roles in traditional 
agricultural s\ stems in extreme climatic or geographical 
conditiims. like steep slopes or w indsvvept plains. Their 
l»ene!lls can lx* enjoyed in tmpical (*limates as well. A[>arl 
from jMissibh* aesthetic values, hedges are fowl and 
masting resiHUX'es fora laige varietv of animals, imhiding 
|M)llinators such as birds, bats and insects. They also 
incluile vvindbn^aks and livesUK-k fences. pn»v ide enision 
conln>l. may stabiliM* dunt*s and wat(*r niiKifl and pixKliu e 
fircwfMKl. f(Klder. fruits, and niedi(‘inal plants. 

Hedge communities can be chos(*n b\ ol>s(*rving l(K*al 
haliitals and selecting tlu»se sj>ecies nK>st closely mak'hing 
the desired he<lge em ininment. The wtxxlv or shrublyv 
hc'dge spec ies should In* chos(*n according to major 
lienefits e\|iecled fmrn the hedge — among suitable plant 
species, the ones impmving soil, pnn iding rich nectar 
and [Millen sources or hav ing the most diverse use. may 
Ik* prelenvd. Orientation of the hedge rows may follow 
land contours. pn»|H‘rty boundaries or be |M>sitioned to 
avoid (or enhance) tin* shading ol cultivated plants. 

Loni|Kinion s|)ecies slimild Ik* planted or seeded acconling 
to the shade the mature hedge will pn)vide. Naturally, 
shade-tolerant s|>ecies shoidd be in the center of the 
hedge and on the side r»*ceiv ing more shade during the 
hottest part of the day. It mav recjuire some maintenance 
to prevent one s|>ecies from dominating and eliminating 
all other speci(*s. Hut weeding by completely 
destroying any plant cover, so common in tropical 
countries. canm»t be employed. Natural hazards 
created b\ pnniding new sites for |Miisonous snakes or 
stinging insects also should Ik* considered. Sensible 
contH)! of such hazards is usually feasible. 

Single or multiph*-species hedgt*s are frecjiiently used 
for 1 ‘msion (*ontrol where thi*y directly contribute to 
incn*as<‘d agricultural pmduclioii. iK>t only timaigh fw'ding 
and pn>|e(‘ting lM*neficial ins<*cts. in<*iuding 
)H>llinators. but also llmuigh maintaining or improv ing 
soil and providing additional <*rops or f(K)d. 

Fast-growing spec'ies that are easy to establish are 
preferred if they are nitrogc'ii fixing legumes like 
GUririditt sephtitL ('Mlliandnt erdothynus^ Acacia 
decurrens or Desmodiatn rezonii. These spet*ies 
give nectar and are actively sought hy important 
pollinators like Xylocopa and Aids. The trees also can 
be pinned for mulching, animal fodder and llrew<MMl. 
1 U*dge pnming olten detennines w h<*lher species come 
to flower and [irovide nec tar for liees. Selecting wcmkIv 
plants that also are pollinator food sources is very 
sensible as long as management ol the h(*dges allows 
for flowering. W idth of the hedge may varv with its 
overall luriclion from a single row ol planted sticks 
to a coufile of meters. 
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2) Fh*ld 

Kielil iMuimlarics. in <'nnlni>l to li«‘(igfs. iiia\ <»i mas 
ii(»l <•on^is! ol |M*n*miial <ir sjM'cirs. Tlir> < an 

Ih* as hoiimlarit's l>\ plou^lting. nilliii^ or 

spravin^ lor maiiilainin^ soltM tod fxMa'firial plant 
sp(M‘i<‘> lor post and soil ronli'ol us u<‘il as lor 

pmviding allornalive IinhI soun es lor |K»iliiialor spi'cios. 
Tlieir width and tnaintonanrr' ina\ rluinp* inon* 
iiv(|iit‘iill\. with rotation ol (Top>. 

Hoadsidt*> ma\ (•o\t*rroii>idt*ralil»‘afva> in >onuM mintri«*>. 
‘nu*sc Mirlar«> can Ik* managed hy ( iitlin^. wincli is lairK 
c\j»cnsi\c. or l)\ s<*<'din^ and selective planting in oitler 
to mainlain jtrowlli in eerlain su« ee>sional stages. Thus 
iIm'\ can x’lAc film 'tions similar to lhosi*o{ held Ujundaiies. 
hedges ore\en small forest |uilehes. 

2 ) ffotlM* f|«ll*cfc»IIX* 

Hom(*gaii!eiis.dtie to tlit*ir si/4*, iisnallv cannot eonlrilHit4' 
nuteli l<» feed the larg«*r ]M)t)inaior iKipniatmns. ih»we\«‘r. 
when entiiv \illages plant flowering hedges amniul llu’ir 
luimes. plant fniit trees an«l Inishes. and 4 iilli\ale oiImt 
floW4*rs and s4inie vegetahh^s. these* hahilats do pimiele* 
limiteii sup|M>il of |Millinalor|Mipidations. M<»s| ofall. the) 
supply IihmI whih* tliere* are* few (»r no wihl flow«*rs 
nearhy. This can Ik* |MUlienlarly Iwipliil for U'ekcj'ping 
with th(* \sian slingh*ss lH*e*s. and many non* \l,is 
|Millinatoiv 

I) Kipfiriem forests. 

Ki|)arian forests — tlmse* growing in tin* imnn*dial«* 
\ ieinity of a creek or ri\er — aiv tlilleiviit Irom neninal 
forests ami have a spei ial anil important e4-oh>gical 
iimetion. I'he'y prt'veni soil nmoil into tin* er<*eks. thus 
ki'cping wat«*rch*ar. and also less eontaminat<*d hy 


agHKhemicals. 
Ahiindant soil in tlie 
water is ti4)l only a loss 
to the farmer, hut also a 
threat to fish ami other 
acpiatie fauna. The soil 
changes the river lK»tlom 
and the river eeiurse. and 
fills lip n's(*r\oii's and 
lake's. Tre*e*s eni ste*e*p 
slope's or rav im*s should 
never he re‘move*el. hut 
eveiHMi lew el river Uinks. 
Umlers of .*50 to 100 m 
shemld he maiiitaim*d. 
Again. leK'al e'ondilions 
of lleKMling. a(]ualie life*, 
river changes, land 
orientatimi and rainlall 
patterns need to he 
<’onside*re*d. In adelition. 
[Messihle* alle'rnative* use* 
of these* are*as, as 
ele'se rilH'd Iwlow le>r small fore*sl pate he's. must he* lake*n 
into (‘onsid(*ralion in oide*r to t*k<n die* si/e*ol lhe*sr* Uinle'rs. 

Iluis. le*av ing riparian lon*sts lias many et'ologie al lM*ne*fils. 
among them provieling nnusiially rich source's of 
m*e tarifei-ous plant spe-cie*s anil ne*sling site's for many 
kinels of jMillinatons. \\ here* these hahilats have alieady 
lK*e*n ile-stneyeHl it is weerthwhile replanting water eelges 
with native* tre*e* and shnil) s|K*cies. .Sele*eiing the* right 
s|x*cie*sconstitiite*s an active area of ne*w ivse*aivh in niue li 

4) 1 the* worlil. 

5) .S'llMlfl §Htt€*hOHm 

Similar to the* planting ol he*dge*s. lore*sl ve*ge*talion e an lie 
piaiile*4l ii4*ar agrieiiltural lle*lels. Just like* natural fe)n*sts. 
ihi'se pati'lie's can have a multitude e>f uses in addition to 
that of maintaining [Millinatois. Se|(*(*ting only the faste*st 
glowing s|K*cie*s liDiTiivwcNMleirtimlN'rpnxIiie tion is similar 
l4i planting highly-se*le'e't4*<i moniK ullinvs for agrieultui'al 
pUMlndion. \pplie-alion ofsuslaine‘ehvie*ld e*oiie'e'pts furthe*r 
e*onsiele*rs the hene*fits ol sele*e*le*el spe*cie*s to the soil. 
alle*rnative use*s and the hahilats they proviele for other 
e niiisanel he*althy |Kipulationse>fplantsaiiel animals. Mixed 
plantings should allow Nome iimlergiowth management. 
I ntim* cm|i hivexling might selen l lor lore*st umleTgrowth 
conditions, thus simulating multih'vel natural fore*sls. 

nu*(*lassif t*U4'aly|)l or pine* glove's do not pn*se*nt the* 1k*s1 
s4)lution in most siluations. ne*illu*r shoi1-te*rm nor leing> 
te*nn. since* the*se* plants aiv s<*!e*cte*d lor only some* of many 
inijiorlant e rileria — maximum rate of hiomass pruxlue lion. 
Kve*n though most s|K*< ies proviele ahumiant 

ne*clar. their |M)llen is delicient in iuilrie*nts and very few 
comtuinion plants can gnivv in the uiide*rsloi\ of the*s<* tive*s. 
Ilius tlii'n* are* no s4niivt*s e>f cove*r. forage* e>r alli*nialive* 
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f(MMl lor many kinds ot animals. Soil (|uulity and the 
uater (able au* olt<*n iu*galively innuericed and no other 
l>enefits can 1m* ohlaincd fnmi the harn*n ground until 
many years after cutting. 

In contra*^!. lher<‘ are many fasl-gn>\ving indigerums tree 
sjN*cii*s that jK^niiit various other uses of the land and the 
(re«‘ cmp. (^ar»*fully sehM’led sptM'it^s can even imt)rove 
soil (‘<»ndilions llmuigh nitn^en fixation anrl oiganic matter 
deposition. More information on spe<*ies sele(‘lion« 
eliardcterislics ami nHtuiremeiils is a\aikil>le from a variety 
of information centers uthI networks (see Additioiuil 
HvMmrces^ at the end of this section). IlMMlirector) of world 
honey plants hy Crane. Walker and l)a\ (l9fU) allows 
cross-i>*ferencing j>f some si^H'it^s that also an* km»wn to 
l)e goiMl puKliiceis of nectar or |>ollen. 

Kor establishment of small forest |»atches. a \ariely of 
<‘\jH‘rimental at)t>roac*hes ha\e l)een employed, iiKislly 
with eni{)hasis on miiliit>le use of existing forests, forest 
consenalion. community forestr). agnefoiestiy. watershe<l 
munageim*nt, and sustained natural forest resource 
management. Few have consiclered conservation of 
l>enericial animals like |«»llinators. 

The imiUipie use of tree plantations should In* iricludctl 
in any planting scheme. Selecting highly neclarifen)us 
tnr s|M*ci«*s or those that iillow nectariferous un<lergn>wlh 
bring additional income soiiives (lM*ekecf)ing or native 
jMilliiuitor iiuruig»*iiM*nt) until tin* Int* cu)j» can lx* liant'sted. 
Tlierefore higher diveisity (‘oniribules to siisluinability of 
future crops and a higher <}uality of environmental 
(‘onditions in general. By planning multiple use wisely, 
then* m*e<l not l)e a loss of income. Instead, it may l)ei‘ome 
an attractive alternative. 

U) Stfevt^ssnonai gnuvih (s^eond- 
growth hahitaiit)* 

Not only foivsts provide a lai^c diversity of r«*sourct*s to 
ne(*tar and [K»llen feeding animals. This need is also 
met by certain savannas and suc< essional ri'growth <»f 
fields and forests. The latter, in some tropical areas, 
can sometimes puMluce more nectar tlian mature forests. 
nM*y also fonii an essential |Hirt of the natural and ‘mature’ 
e<*os\ stems. harl)onng many animal s()eciesand fanning 
essential habitats for many pollinators, and for other 
l>eneficia! insects. 

Ihulitional skish-and-buni agricultim* contiiuKuisly <ival«‘s 
areas of successional gn>wth. If small enough, and not 
loodens<*. th<*se plots might mainliiin the desiied j)ollinalor 
species. In regions having only sucli slash and bum 
agriculture, there should not Ik* }>ollinator shortages. 
Hiis is lx*cause Veust nioiUK ultures are kicking. Hie priiM*i|)le 
of cutting only small an*as and letting them regenerate, 
or iv|>lanting them w ith fonsl s|>ecit‘s, might Ik* tiracticed 
even in larger fon*st plantations. Hnr same may Ik* true 
in intennediate foiest-agriculturt* zones or some of the 


park boundarv zones where restricted exploitation is 
|)cmiiUed. Forest edges pnw itle a nammer. yet similar, 
habitat that should not Ik* neglected, rimnigh minitnal 
mainlenaiM c such as (M'rirKlic cutting and st*kx*tive cleeuing 
a rich flora and beneficial fauna can be maintained. 
Fallow fields in crop rotation or land regeneration 
(dunes, strij) mines or ero4leil soils), like field 
iKuindaries. may be left to the natural succession of 
plant growth, rhey can also be planted with 
nectariferous, soil-improving species, or receive 
minimum management like no-tillage, additional 
seeding, and perioilie cutting in order to maintain 
siK'cessional growth at a j)n*feiTed stag**. 

7) %twiar ptanix ruUiroU^d to twtwHt 
ptdiinatars^ 

It is not common practice nor e<*onomi(‘ally feasible in 
must circumstances lo plant emps solely for the puqHist* 
of pn»v idling nectar to |M)llinalors. Ilic value of honey or 
tlie resulting c«)K»ny |M)pulation o( {N>llinators is always 
considered negligible in comparison to the value of th<* 
fdankHi cn*p or the pkinting cost. For well-planne<l land 
use this may still lie tme in immediately recii|)erable 
mom*tar\' t**nii.s. Hut in long-term lM‘n<*fits the gap lietwcen 
planting costs ami Ijcncnis fnmi honey harvests. lH*tler 
|N)llination. incn-asi'd natural ^lest contix>l, lower lertiliz(*r 
needs and other sec<indar\ lienellts will U'coine nairmver. 
Ev entually, suc h planting costs may liecome negligible in 
c’om[>arison to all of the other lienefits (when these are 
pmjK'rlv a|)pieciatc*d). 

By pm|M‘r sc*k*clion ol flower s|M*cic*s lor th«*ir llowering 
limes. {Millinator |K)piilalions can Im* cnhuncc*d. This has 
l>een advcM uled for the mainlenanc*e of bumblelK*es in 
England, where they are ver> im(M»rtanl [Millinators.'riius 
early-llowering species serve to augment social l>ee 
|K>pulations or increase solitary l>ee [K)pulations. or next 
v(‘ar*s |M)pulatk»n. liUe-llowering sjK*cies may incn*asc* the 
numl)er of repHnluctive l)ees for the* following sc*a*sin or 
year. MelhcKls for studying the* rc'ciuirement.s and the 
prt*ferred IcmmI plants of l)iimblelie«*s on a countrvw ide 
scale were develo|K*d (dr England. Accoidingly, school 
children and volunteers wen* organized lo make manv of 
the liasic o[>servations. This worthwhile and affordable 
effort was educational for the |mrticipants. raising their 
environmental awareness, and also very useful for 
n*s<*arehers and fanners. 

The abundanec* of allraelive alternative focMl sources 
may iti some ease's redm*e the efficienev of artificial 
as well as natural pollinator populations, if flowering 
occurs simultaneously with crop flowering. W hether 
controlling such ccunpeling llt)ra will decrease next 
year’s |M»llinator tM>piilations more than it will increase 
this year’s pollination efficiency should be tested, 
whenever possible. This should he done again 
alleniative choices in |x»llinator sjK*eies. cn>p varieties 
or timing of planting and pollinator intre)duetion. 
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C'owr 

The pracliee ofrn)|> itilutinii allows planting of cover rn»|ts 
(lining the fallow |)t*ri(Ki. \\ hile the soil is re< u|)eraling. 
the c(»\er (iop may pm\ idc flitwers to fiolHnuloi's in^tMlcfl 
in neiglihouring fields. Self-seeding plants like 
Mcllilftfus or other nitrogen-fixing legumes enrich the 
soil while they may even [)ro\ide a commercial honey 
cmp, verv lich liMldtT to livc'stoc^k and/or **gitx‘n maniiit***. 
-\ ('oinhinalion ol MfUitolns vaiit'lit's can provide fl4av<‘rs 
for over six inonihs (*v<‘n on |»oor soils (at < Some 
of these varieties have heen developed hv IN l A in 
Argentina for exlivnie sufitmpical climates. 

S»me pixj|)It‘ms do arise, similar to those stemming fn>m 
highly nectariferous succcssional growth or forests. 
Attractive nectar pnHlucing non-cmp flowers can c(»ni|H‘te 
with crop flowers for |M)]linalors. In the case of natural 
|K)llinatois. planting schiHlulo and ilowering |x‘ii(xls must 
lx* synchroni/<Hl as much as |x»ssil)le. Pin* same pmhh'm 
with artifiiMally-imhaiK’ed pollinator populations (*an 
^ilso lx* solvt*d l)v placing colonies diivctly in the middle 
of the cn)[) area, or hv pmviding moie |K>llinatoi's than 
are usually recommended and/or In introducing the 
|K)llinutor |K>pulalions at a lime when alrt*adv 20 to 'MY/i 
of tlx* cit)p flowers ha\<*ojx*ned. lnexln*mecas**sc<M7i(x*ting 
fl()ral n*sources may have to lx* temporarily reduced or 
eliminated during the cnip flowering |x*ri(Nl. 

C'rop 

It might lx* possible, as seen for many emps. to select 
additional varieties that df» not recpiire external 
pollination agents like ins<*cts. Phose varietir^s that will 
continue to re(|iiire {x»llinating insects, however, need 
to Im* mad«* more attractive to pollinators (see S*ction 
2.3.1). This means that plant hreedeis l>av(* to |kiv more 
attention t<» flowering times and duration, rteclar 
se< relion and/or pollen attractiveness. 

More emphasis (»n indigenous cn»|>s will leduci* lh»* ne(*d 
for exotic |Hillinatois such as A/iis meflijera in most (»l tin* 
world. Ceilain |x>llinators may prove less difficult t<» 
manage and propagate than ini|x>i1ed honevlx*es. under 
local conditions. For example, it is generally well- 
appnviated that Apis rrnina is su|x*rior to Apis mrl/ifmi 
in much (>f the Asian tropics, due t(» lx*lti*r n*sistance t<» 
natural enemies and greater tolerance of (*m imunXMital 
and resource c(»riditions (see Section 2.5). 

Integrated inlo(’ix>p nUations lx*tweeii rice (*ultivation and 
cattle grazing, and the planting of Mellihlus in northeni 
Aigenlina shows a pmmise for pn)fitahle honey pnxluction 
(krcll, pers. ohs.|. A study hv Accoili (1W2) htr Italy 
alsosh<»wedsul>slantial sav ings in lertili/(*re\|x*ns(*s and 
|x*ln>leiim ivsouives for pnxlucing hom*v und<*r impmv(*d 
envinMimental (*onditions. rather than usitig sugar Inmi 
sugar lx*ets. Further studies on similar subjects most likely 
will demonstrate that converting to environmentally 


iriendlier ('ullivation nietlxHis (‘an in the end also lx* moiv 
pntfitahle. Maintaining wild |K)llinalors and sustaining 
im|M»rted ones re(|uires careful seleclioii <»f crop and 
non-< n»p (cover cn)p) s|x:*<‘ies. 

(hxid manag(*im‘nl practi<‘e imdudes cover cn»ps and 
perennial cn»p varieties, im hiding timber species or 
rublwr. are selected among other criteria for their high 
nectar N'cretion. I nfortunatelv. this subjt*ct luis ii(»t Ixhmi 
sufflcientlv considered in the past, nor lx*en given due 
im|H)rtanc(‘ bv plant luverlei's. Pailiculariv. as alr(*ady 
mentioned, in forest plantations where harvest and 
therefoie income are realized many years after the initial 
inv estment. nt*ctiirifenHis s|x*cies can fmiv ide a *’Uilancing 
income** — cash fhjw — and [)n)vide for natural as well 
as managed pollinal(»r species. The si'lection of 
nectariferous tieecrx>ps is relatively easy Ixx ause many, 
il not most tropical tree species are naturally good 
pnxIiK'ers of mn lar. Pheir indiscriminate cutting also 
drastically reduces the n(*ctar sourc{*s available t(» all 
(x>!linator s|H*cies. not only t<» honeylx*es. 

The creali(Hi or consen alion of large w ildlands for honey 
pnxluction can have slnHigsecondaix e(le< lsori |M)|linator 
availability in distant agricultural areas. Phis is 
demonstrated by an example Inmi Sri binka. \lt(*r the 
dis<ip|x*arauce of most tlu* natural fon*st suitable for hoiH*y 
pnxlucti(ui. rubber plantations {Hciva hrasiliensis) have 
become the major areas for beekeeping. Hecent 
impn)V(*nu‘nts in lx‘(* manag(*m(*nl techni((U('s are only 
now starting to permit beekeeping on a larger semi- 
c(mimeivial scale. However, the new varieties <)f niblx*r 
slowly mplacing those of old plantalMHis an* siiid to pnxluce 
little or no nectar. If this pnwes true, the develojxing 
IxH'ktvping indiisli-y will have no fuliiiv. Siimiltam'ously. 
however — in part dm* to the same environmental 
degradatmn. deforestation and increased |x*slicide use — 
the need for moveable {xillinator |x)pulalions is gmwing. 
Phey are needed for increasing seed [)roduction 
rixjiiin'ments and exotic ca.sli cn)|)s such as gherkin.s. i.e. 
pickling (‘ucumlx*rs. 11 Ids (*liminating}xx»nuil)i4* lx*4*kc(‘ping 
onanHiimenial s(‘aiealsoeliminaU*s uuuuigeable |K>llinalor 
populaliotis. The latter can only be made available in 
sufTicieiil numlx*rs thmugh migratory l>eekee|)ing (i. e. 
mov ing hives into aieas when* (xdlinalor enhancement is 
ntjuiiedi. In (*fTect. the selwlion (jf the m*w mblx*r variety 
might n*slri(‘l tin* agricultural cultivation (x>ssibiliti<*s in 
IKirts of lhec(nmtry far ivmoved fn>m the rublx*r gnwving 
areas. Phis example demonstrates the far-reaching 
(*onse(juences a slight change in cullivarorci'of>can have 
on the agricultural pnxluctivity of apparently unrelated, 
distant regions, not only on neiglilxmring fields. 

f.6.1 Pesiividos 

\|HU1 fnmi habitat destmetion. applu ation of |x*sti<‘ides 
in large (|uantily. and (wer large areas, is the primary 
it*iLS4m that wild |x>llinator fxipulalions luivelx*4*n nxluctnl 
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An 4‘\.itti|ilc of land u><(‘ for nplimi/iiig use* and inana^rnx'nl of wild |M)iliniil(»r |M>|Kilalioii 


or (‘ompU’tely drstroyed. l^rgi* atonal ap|)li<‘a(ioiis over 
l(KMHH)s of lu*rtan»s of Oiilral Amenran and African 
tropical forests to contnd llie Me<lilerranean fniil fly. 
tsetse fly, and malaria tn<»s(]uilo have nndouhtedly made 
an impact on the iMdIinator fauna. Dm urnentalion of 
affriculliiral chemical effects, however, is incomplete 
(si'c Appeixlix 111 for the most rec<‘iit evaluations 
n*jsmling l>e<*s and iM'nellcial insects). Kami ap()li(‘ations 
are mon* fie(|uent and widespread, also covering \er\ 
large aieas. Agriciilliiral ()eslicides are often misapplied 
and have miicdi more toxic e(fe<*ts on the Iwal animals. 
A comprehensive list ol availal)le fH'sticich's and their 
known i*n»‘ets is given as an ap|MMidix \o this SiHdion. 

Along the noilhwest ciKJst of Sri Irinka. |M*slicides max 
have led toa [mxIuctkHi loss involving cucuniljer cultivation. 
Initial pnxiuction. during the and stx'ond year, was 
fairly higli. Oiiring the tliird and fourth yecir, priNluclion 
stnmglv declined, and after fiv e yeius it wiis only of 
the fu’st years production — despite* incn*ascd fertilizer 
and |>estlci<le use. nuring tlie siiuK* time more land was 
cleared in the drv foivst zone and |M*sticides wen* at)t>li(*d. 
not only hy the cucuml>er fanner. Fhe (*ucuml)ets are now 


delomunl and of unev<*n gn>wth — a clear indication of 
insuHicient |Hillination. Unfortunately then* is little that 
can Ik* (I<«k*. leather with iiK*n*ased tjeslicide ibx*. halalat 
was deslnwed which othenvise i-ould have allowed re- 
estahlishmenl of honeyl)ee colonies. Aears of n*()lanting 
will have to tmH*«le an increast* of tht* native |X)llinaUn's. 

(her tht* last det*atl«*s, |K*slicides have lK*ix>me ukhv j)otent, 
and only recently more s|K*cific. Tlie Immder a sj)e(*lrum 
of |K*sl sfH*cies a |)esticide [HUentially contnds, the more 
devastating its efi(*ct will 1 m* on the total fauna. ix*st and 
iHuieficial alikt*. Its longevity in tin* environment and 
applicaiitm liming anti nielhtMls may further ('ontrilmte 
to its destructiveness. 

Although many hroad-sj)ectniin pesticides have lx*en 
i>aniu*fl fn>m the markets ttf industrializt'xi countries for 
health ami enviitmmenUil siifety leasons. many if mU imist 
of them are still l>eing used in tn}f>i<*al and sul)tn)pi(*al 
coutUri<*s. I jcss fanner iuid consumer education and stnuig 
()olitical and economical interests |x*nnit the conliiiuetl 
use of these often cheat)er lait imire dangeious toxins. Tlie 
newer. sometim<*s less toxic or more sp<*cifi<* |x*slicides 
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ar<‘ usually much more ex(x*nsi\c ami therefore less 
aet'essihle to the niral |>oor. At th<* end of this section is 
a reeenlK u(Mlated list of |)t*slieides that deseril>es their 
toxicity to honeylx’t's. Toxicity valu(*s for other ]K)llinating 
insects cannot necessarily lx* ol)taine<l fnmi this list, but 
a general inijmsssion is given. 

Integrated f)est management methods which will re<luce 
|)estici(le use re<iuire ven. disci|)lim'<l and Vkell-<^liicat(‘d 
famiers with imue techni(’al assistance than is a\ailable 
in most inral areas. Organic fanning without the use of 
artificial or toxic chemicals n'qiiires traditional mellaHls 
and even more education uilh new cn>|)s oral least a 
(lifTeient kind of education than the one (x»minonly tauglu. 

C'lilliiYifioit i*raciiet*s 

Studies of txtllinator disiributHui in emp fiehb showixl 
ver\ limited foraging ranges of honeylx^es in situations 
with mam moir floweis thmi llnageis. Similarlv unsatumU'd 
c onditions would occur with low natural pcdlinator 
}H)pulations or exc'eedingly lai^e surfacc*s plantcxl with 
one cmp. The overabundance of TimmI (nectar) cannot U* 
exploited. |K)llinatois will concentrate on the aieas closest 
to their natural habitat or nest. Uneven or incomplete 
(Mvllination is often the ivsult. Smaller field size's, and 
shajK-s following contoui's of foivst edge's, an* therefon* 
ver\' im|N)rtant for |H)llinalion w itii 'iinenlianc(*d* or natural 
[x)llinator fK)pulations. 

Intercropping, or the planting of different crops in 
iilliMiiating rows orothc'nvisc* mixed. bn*aks up th«* unifonn 
surfaces, reduces the overabundan<*e of one food 
s(»urce and thus increases fruit set ac ross the field. 
Although there are less plants to produce a cn)p. the 
pUKlucticMi |x*r plant is increa.scHl and the* mixtun* of ciops 
mainUiins or iin[)n)v<*s fanner inc'cmK*. lnU*n rop[)ing may 
al.so n'diHx* ivlativc* pnNluctioncxistsdiic' to Ic'ssc'ned {leslicide 
and fc'ilili/er te<|uinMm*nts. 

llie most prc'ssingc’liangc's to lx* made' in order to jm'scn've 
natural pollinator populations are the adoption of less 
toxic and more* bulancc*d cultivation practic es. Many of 
the alternatives have aln*ady been mi*nti(»ned. suc h as 
reduced and more fex used |M'sticide af)t)licalion (within 
integrated |x*sl management programs wliere |x*sticidc'- 
free cultivation is im|)ossible). sc'Ic'ction of mem* rc'sistant 
l(X'ally>adaptc'd or indigemous crc»ps. a largc*r varic'tv of 
cn>ps. rnultic'ropping systems. c*n>p rotation, less tillage*, 
and moiv manuring. List but not Ic'ust. the* soil must U* 
n*gard«*d and takc*n c*an‘ of as a highly complc*x liv ing 
(»rganisni — a c*once[)t firndy established in nuiny 
traditicHial cultuivs. but so utterly disreganled by most of 
this c*eiitur\ s agric ultural development. 

initially some* of the siiggc'sted changes may mc*an lowc*r 
yields than the onc*s praisc*d bv the so-c alled **(m*eti 
Hevoluticen". but in the slu^rl term they save foreign 


exchange (pestic*ides and ferlilizersf and farmers 
lives (poisoning). In the long teatii then presene and 
likely inciease yields fm- the future and reduce health 
<‘Osts. hc*c‘ause of healthier focwl and water. The mcxlc'rn 
mc'anitig of the ‘given l evcdulion* is no longer c‘(jualc‘cl 
with iiighc*st <»ulpnt (»f hiomass h\ anv available* means*, 
hut instead with the healthiest, least destructive, 
sufficient outfmt of focxl. 

C'oiicflixtoiix 

To g(‘iu*rallv S4»lv(‘ |M)llination-n*latccl pmi>lc*ms. tliccasic*sl 
solution would 1m* to switch to crop varit*lic*s that do not 
nc*c*cl )K>llinators. or to pollinator stx*cies that are easily 
manipiilaU*d and nuiltiplicxL like some honevU'es. Hiis 
c|uic‘k fix. oftcMi dc*manding laigc* imes|m(*nl. may Im* the 
n*medv for some ciivunistanc es. hut is unlikely to pnw ide 
a loiig-lc*nn or suslainahle solution. Fiindamc*ntally. it 
does not addrc*ss the nc*t*d fc»r hvhrid seed prcMliiction. or 
for outcrossing in the* many plant spc*c*ic*s that must he* 
cmss-}M)llinalccl topUMlucc se*cd or fruit. Unless sulTicic*nt 
naUiral. non-c uliivalc*d flora are availalile. even the 
uhicpiilmis western honeyhee cannot provide the 
solution to |M)l]iiUitioii nt'cxls. ( )nl\ a fc*w higlilv s|M‘cializc*d 
[«)lliiialor s|>ec*ies with relatively short lifespans, like the 
alfalfa leaf cultc*r Im*c*. may 1m* inaintain(*d with om* or a 
fc*w c rop s|KH‘it*s alone. 

Tlie next most efficient change would l>e to incn*ase 
natural {Millinator populations thmugh nMiucc*d pesticide* 
use. Alternative* cultivation mc'lhcMis. conservation and 
selcx live planting will further increase* natural pollinator 
populations and inipnwe envii'onmc'ntal conditions, as 
well as rc*cliicc fanning costs. 

Knowing the rcc]iiircin<*nts. dc*flc ic*ncic*s and the costs, 
certain |>olliiU!tor-limilc*cl cit>ps inav siiiiplv In* ]Hior choices 
for the* cc-onoinic's of a given area. This is particularly 
tnie for some c'xotic or e\[K)rl crofis vvhicli have to mec‘1 
ven sjMX'iflc staridanlsof fniil sha|M*orc|uality. Taken into 
account c*arly enough. lhc*sc* (*onclilions c an pic*vc*nl 
disap(K»inting results. lailc*d pn>j(*cls and fannc'rs* losses. 

KcM'any suslainahle. and at the c*nd. alloiTlahlc* solution, 
less destructive cultivation methods are necessary. 
Corisen ation efforts and sound agi iciilliiral practices 
are ccMitml to this gccal. (ircalion «»r pn*sc‘ix alion of divc'rse 
c*n\ ironmt‘nls. not only in National Parks, is also reejuired. 
This is Imc to the same* extent for natiiial and iminagcxl 
|M»llinalor |M)pulalions. 
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Ippeitdiv to .SerfloH 1.6* 

\ short list of orgatii/alions with useful 
iiifonnalion aiittul niuilti|ilr-Lis4‘ in*** 
aiul allr^matiN e fanning pnu-luvs is a|)|)en<ie<i 
lirn*. 'Hifiv an* man\ tnon* go\»*nimental as 
well as ])ri\ale orgunizatimis tliat may luive 
a|>plicai»le infonnalion. Most likely. ih»k* of 
|}M*oipuii/alKMt«will lui\es)H^ ilie inlimiuitiiin 
on altemalivi* agrieulUin* in cHmsiik‘niti(»n n{ 
|mllinalor netMls as deserilived above. 
However. wIht pii-t ing logi*Uier infiHmaiinn 
on mu)li|>le-use Im's altemaiixe agrietillura) 
inelhorls and <*n)ps. tradilioiuii knr>wledge of 
plonlingand n*sount‘ mamigemi*ni. and {iInhiI 
general eoftst'nalion and the least ck'stnietix** 
pmeli(*e>. at least an e\|)erimeii(al Itaseliiie 
ran be establish«*4l and eertain i*ieim*nls 
in<'orporaled into outgoing ui'livilies. 

I) Aritl tiintiH informtitioii netuork: 
274 Hmihury RtMui 
Oxfimi 0X2 707. 

I 'nile*t Kin^om 

2tReseati irinfonnalhfna tU‘» Terreg 
.iruieg 

C. P. 2 Oiikar Fumi. Svnogal 

3) Arbeiisfcemeinsvhaft Jtir Troimcltv 
mui Suhtmpisrhe .4^i#y<>rsr*/iM/i^ e. K 
(ATSAF) 

Uans Riirklpr Sir. .> 

33{M) Rimit .*{, Oennany 

Teh 022H-4m)i:H3/320 

FAX: 022H^imi:$]l Teiex: HH67I0 

OSFRXO 

4) CATE/CT7 

Ooft IhniunargkjiUfi 02 
Pogtfarh 5JH0 
0’4>236 Egchhtmt 
Teh 06I9f»-79i9/ 7911 
FA\^l6l96-79kR2(tTi4px^Rn3tR4i<ny.O 

5) FmHt Ami .4^'rri/lrire OrfaimztiUon 
of ihe I mted Salions^ (FAO)/ Forestry 
Oitision 

Imi Terme di ContcaUo 
iHHiMt RtMiie^ hilly 

FAX: iH>-.^797^ti.^2 
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f.WfTOV^ 

WiitmeA* hUenialiomd 
Ihil iV. Kenlitcky Street 

Mrfdniii 22209^ f .S.4 
Teh 703-523-9430 
FAX: 703-522-8758 


D Inleniatiomd ('.outicil for Reseorrh 
I/I Afiroforestry fll'.RXF} 

P. O. Box 30677 
\aimhi. Keiiyii 
Tel: 02-521-150 
FAX: 02-52]-imi 

8 ^ Inleniatiomd Inslitiile for Troinral 

Aferiridinre (IITAi 

Oyo Rood 

PMB 5320 

Ibadan. Sifieria 

Teh 23 1-2 

2-Um3m3l6 

— or — 

r/o himboant S: Co. Ltd. 

C.andyn House. 26 
Oht 0 call Road 

Croydon CR9 3FF. I nited Kinfstiom 
Teh 

FAX: 081-681-8583 Telex:9 16979 
I.WL C 

9) Refgiomil Fnriranmental and \aland 
Resoan'es Infimiuilion f.Wi/rp tRFXRIC.f 
So. 84 hirensz Rimd 
C.idonibo I, Sri hinka 
Teh 01-582-553 
FAX 01-589-369 

I Of I nlernalionat Cnion for the 

C.onserration of Satiire and Saturai 

Resoan'es (H41Sf 

Aremie de Mont Blanc 

(111 1 196 Ctnnd. .Siii/serfmi// 

IlfTne Aid 

Mayfii'ld. The Stn'el FannlHirotifdi. Bath 
B.-\3 lAI.. Cnitinl Khifalom 


12 f Inleniatiomd Federation ofOrfsanir 
.Xfgrirnlinre Monnnent fIFOAMf 
CH'iiend .Serrr/«n/if 
669.'i Tholeytinisbarh FRC 
Tel: l9-fM.^3-5l90 
Fox; 6853-.WI10 

l.'lf Oi^nnir Cnip 
Inipronnnenl . issocialion 
Route 3. Box 326 
Alachna. Florida 32(>I5. f '.S.l 
rW; *f0t-l62-l302 

I If Sett Datrn 

Aimrtado 37 1 -80(8 1 

San Isidro. Panlarenos. Costa Rica 

Attn.: Dr. E. Benihanll 

liyf RiHhde Press. Inc. 

33 Minor Street 

Eninians. Pennsyirania I80I9. r.S.-l 
[for extensive uifonnation on orfganir 
afsricnltnref 

I 6 f Forschniifeersin/i f. Biolofrisch 
/>ymi-/MMr/i<* \J irtschaftsireise e. K 
Banni.schiden II 
1 )^ 1 1 00 Dannstadt. Cennany 
FAX: 06155-5774 

17) Alteniatiri' Aferiridinre 
I nirersity of W Ofeeninfeen 
llaanci'fg 333 

SI. - 6709 R7 Uafeeniiifeen. the 
Setherlands, ittn.: Dr. I. C. ran ^e/iiir 
Tel: 031-8370/83522 or 81676 
FAX: 031-84575 
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Divt^rsiilvaiion of PoiUnatum 
Strait»ffi€*s for L»S» CropK* 

P. F. TOUCH 10 

Bee Biolo^ ami Sysleinati<*s luilMMulon. L SDA- \US. 
L'lali Stale I ni\ersil\. Lo»aii. I lali BFH22-.VOO 
KnvinHi. Fnlnmol. jlW)| 

■IRSTT^. 1C7' The 4-lose ainiialinii U'lueen the himeyU*i* 
industry and <-ommen‘ial piJIination of I .S. <‘mps is 
described, hdloued hy a lileraliire review llial 
deiiumslrates why insuffieieiit mimlM*rs of lioneylM*es 
nia> he uxailahle to su|»poi1 ade(|uate crop )H»llinalioii 
serxices in the near future. Ueeeiil ree<»nmiendali(M)s 
olTerinjj different inetljods to increase nunihers of crop 
|M)l)inatois (continutHl honexlwe res<‘ai‘ch. estahlishiiieiil 
of managenuMit habitats, and develo|)meiit of additional 
iion-honexlM><* |M)llinatois) are disM-rilN'd. and the |M)siti\<‘ 
and nejjatixe characteristics of ea<di proposal are 
dis< uss4nl. Hie status of cmp )N)llination is then r»*viewe<l 
in some detail, lollowed b) a ivconimendalion to cottil>iiie 
pollinator studies into one <‘ollaborative pollination 
programme hx-ustNl on pnidutdiig the ma\imiim number 
ofelfu'ienl cn»p {xdlinators in the sluirtest (Kissible liiiM' 
frame. 

KKY WOUDS Insecta. bees, crop pollination, 
management systems. 

The unr<d(‘nling driv<‘ to niavimi/e edlici(mc\ in 
agnmomi(‘ pra< tices over the f>ast JiO — years has 
resulted in a dramatit' inlensincalion of agri(*ulture in 
the I idled States. rii(‘s«* practices have Im'cii primarilv 
rt'sponsible for th<‘ iliversificalion of I'rop speeii's in 
commeivial priHliKiion and the rapid <‘\|uinsion of some 
esialdished iTops. Manx of the newlv lultivaleil sjM'cies 
and cullivars reipiire. or are beiieliled bv, insi’cl 
pollination provided mostly bv bees. In addition, 
aci'eages of some well-eslal)lishe<l. l>ee-|K)llinale<l eio[)s 
(e.g., apple, avtK'ado. bhielM*rn. ahnondl have ineivasiil 
rapidly within the past 10 \r in direct response to 
consumer demaml. improved lechnologv in agriculture, 
and the suiressful expansion of domestic as well as 
intemalional markets (Kck (ddlders 1*X)6. Mctbvgor 
1976. Kek 19fWi. Uobinson el al. I9B9). The I SDA 
recogni/.ed the net^d to iiuTease mmilM'is of |K>llinatois 
nearly AO years ago. and llie Agricultural Research 
Service ( A US) providefi support to the beekeeping 
industry by establishing additional bt^e research 
lalH>ratori(*s and olluu' fundt'd programs on a *'iUH‘d*' 
basis (l.<niii I98.A). Direct and indirect support were 
founded on the concept that adei|uate numbers of 
honeybees, l/u'.s meUifera L.. wamld lie maintained for 
pollination servi(‘es within a thriving industry that 
deriveil most of its income Irom the sale of hoiuw ami 
lieeswax (I/'vin I9BA|. 

The I SDA- ARS also (‘slablishcd a research unit iBce 


Biologv and Syslemali(*s Liboralorv. Logan. I lab) in 
the late |910s to delemiine the elTicacv ol non-honevliee 
species as |>ollinators of targeted crops. As a result <if 
those studies. .s«‘veral Inn* spmdes have been ilevelo|M*d 
into commerciallv managi'd pollinators of various i-nifis 
(reviewed by lbrchi<i I9B7|. 

As ac reages of bee-pollinated crops have increased. 
iu(|iiiries have periodicallv Immmi inadi* concerning the 
honi'vbet* industrv's capacitv to supply additional 
numbers of pollinators for these crops (Free 1970. 
\lc(b*egor 1976. Frescolt Allen I9fi(). I’arkerc-I al. 
1987. Robinson el al. 1989. Levin vK Waller 1989. 
kevan «‘l al. in press, K. K. Soulhwick vK .S<mihwi< k in 
press), riie legitimaev of these ({uestions has increased 
during the past LS yeai*s. because the total number of 
L .S. honeybee colonies has Ihmmi decivusing (Robinson 
4*1 al. 1989). As a ii*sult. alternativt* imrhcKis dt^sigm^d 
to im rease numbers of I .S. pollinators have been 
prop4)sed. ami these pniposals have been partiallv 
rev iewed bv Parker el al. ( 1987). Torchi4> ( 1987. in 
press), kevan (I9f57). and Kevan <*t al. (in f)ress). 

This paper rev ijwvs thr4*e programs (hat are 4lev4d«iping 
4li(ferent methods to increase numbers (d c rop 
|>4»llinaloi's. bi addition, the strengths and weaknesses 
4»l each pi'ogramnie are evaluated, and the [Mtlenlial of 
these programs l4> fulfill future pollinali(m needs for 
L.S. 41‘ops is also <lis4-ussed. 

Wlii| .lr 4 » i%tvwasvd 
of Polihtaiors Veeded? 

W Ih'II Metcalf et al. (PX)2) estimated the total value 
4)1 I lH‘e-|Hitiinat(Ml cr4)ps at >S LA billi4>n bast'd on 
1957 hanest data, thev fiM used altt'iiluMi 4>n the rapidly 
increasing dollar value of pollinated cn)ps aial the luvd 
to pKKluce more pollinaloi's to serv ice tlaise crops. Wan* 
(1973) limn incr4*as4*d the e.slimalc* to $7.6 billion bv 
simpiv im lmling adtlilional acreages in commen ial 
pr4Mlucli4>n. and Ltwi?) (1983. 1981) addt'd indirec t 
lM*neficiaries (109'r of the enormous cattle and dain 
industnes) in his SI 8.9 billion estimate*. O'firudy ( P>fl7). 
how4‘vc*r. iis(*d h*ss subjc'ciive formulations in amc'nding 
1^‘vin‘s pvramidical figure's downward to $1.6 billion. 
Parker el al. (19J17). while not offering their own 
estimates, also found Levins $18.9 billion figure to Ik* 
mish'ading. In'causi* it included $12 billion allocated 
to alfalfa (and a number of its piiKliii'ts). a cmp that is 
verv effectively pollinated bv commerciallv managed 
populations of solitarv bees ( btrcdiio 1966. 1987). 
Robinson et al. (1989). by expanding the formula 
developed by ()'(/rady (1987). estimatcMl hoiu'vbec*- 
pollinalc'd crops to l>t* valuc'd al $9.3 billion. The*v 
also suggc'st that approximatc'lv om* million hom'vbc'c* 
colonies are n*nl4‘d annually for pollination s4*rvices 
w ill) some* hiv4's movcal onto two c‘rops pc'r annuni (p. 
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423). The one niillion figure is (Imiiile lluil offere<l hy 
Oeilei ( I'WJii) ami greater lluiii llie liighesl esliniale 
giv<‘ii h\ \a‘\ in (1986). Most of these ralculations have, 
however. alitMily luMii (jiieslicined In L. Southwiek iK 
.S»ulhwiek ( MilW: K. K. Soiitiiwiek iJC Snilliwick in press) 
wlio ineor|>ora(e additional prineiples of economies to 
formulate yet anollier set o( lower valued figures. 

Till* (‘stimated dollar \ aim* orhoiie\lK*e-|M)t)inaU*d en>|>s 
will eonlinue to U* deluiled until such time as: (1) (‘ach 
and all of these eitips aiv evaluated l>as(*d on unifonn 
criteria (e.g., Kohinson et al. | rank < n>|>s as **\lajc>r“ 
or "Others.** based only on known luimhers of 
hone\l>ee e<»lonies rented for t'aeh er<»p rather than th<* 
total \aliie(»f theen>|). and [with thee\(*«*|>tion ol m)M‘s<‘<'<l| 
they exclude a large number of enips valutnl at <SI() 
million [see tlieir table 2|): (2) better methods are 
de>elo|)e<l UHleleniiine numl)er of acres under culti\alion 
per cn)p as well as pHnluction [M*r acre j>er crop; (3) 
and most im|M)rtantiy, a moiv objectivt* im^asun* is found 
to detennine |>ercenlage <»f pollination by hont'vliees 
versus (>ther pollinating species per cn>p. All of the 
published estimates matle on crop values t<» date have. 
ne\ertheh*ss. demonstrated general agn*emenl on at least 
two im|MHlant |X)inls: the acreages ol l)ee-j)ollinaled croj)s 
an* increasing: and im ivasml niimixM's of pollinatoi's aie 
ne«*<led l(> serv icc* tlM*s<* additional acTe^s. 

Until rtx ently. the h<nieyl)ee indusirv has l>een successful 
in supplying additional bees for the increased 
acn*ages of cn»ss-pollinal(*d crops that have coim* into 
commercial pr(Mliu*ti(m. (aim*ntly. however, several 
pressing pn>blems (migralorv lH*ekeeping, |x*sticides. 
diseases atid parasites, reduction of pollen-nectar 
resouives in m)n-agricultiire areas, honey im)>orts ami 
sw<*etenei's. incn*using maintenance costs, etc.), have 
led to a de< line in the total manag<*d lionev ix'f* colonies 
available in the United Slates (Hobinson el al. 198<)). 
In addition, the honevbee indusirv has recently l)een 
lK*set with more serious problems (eslabiishment of the 
Irai’heal mile, Icom/MA iroodi (Kennie). tlie laige externa! 
mile. Ibrron jarohsoni Oudemans, and the expecte«l 
arrival ol the African honeyl)ee, !/>/.< nirflifera sruteUala 
l.e)>elelier. Inmi Mexico) that may <*aiise a pr<‘<*ipitous 
decline in tlie remaining honeylK*e hives available lor 
(*n>p pollination. These problems and their potential 
elTect on the l)ee indusirv have l>een ihonaiglily discusseil 
in iwent honeylM*e literature, and that literatim* has 
lK*<*n ivview^xl in d«*lail by Parker et al. (P)87). I)e(handi- 
lloll'man ( 1987). Kohinson el al. ( IW)). K. K. Smthwick 
cK Soutliwick (in press), and Kevan et al. (in press). 

The seric»usness of these ))roblems has pnmiple<l more 
recent rev ievvers to inclutle short summaries that recognize 
the |Kilential use of native l>ee s|XH*ies ascn>p |M)llinat(»rs. 
A few n*v iewers (Prescott Allen 19f5f). Parker et al. 
1987, K<*van et al. in pn*ss) have attempted to (juantify 
the im|Nn1aiU'e of non-honeybee s|jecies as allemalive 


|M)llinalors(»f agricultural ero|)s. Pres< otl vK Allen ( PWf)), 
Ibr example, list seven cnips (cashew, mango, highbush 
bluel>eri'\. cranberrv. sijuash. cacao, and canlamom) 
havinga combinml average annual value of $1.2 billion 
|M)llinated by "wild** ins(*(*ls (p. 345) with honevl)ees 
.sometimes serv ing as .supplemental pollinators (see their 

table 9.1. 338-344. and table 9.2. 546-.547). These 
rev iewers have not. however, lieeii directly involved in 
the successful development of solitarv bee species as 
commei'cially managed {xdlinalois of agricultural <n)ps. 
As a consequence, the actual and real potential of 
using managed populations of non-honeybees as an 
alternative method to increase numbers of L .S. cro[) 
pollinators has not lM*en reviewed in adequati* d(*lail. 

is PolfiiiMlIoti tCitl€*acy ftoasurod 
iCqmtaMy f*olliiicifor 

rile apiculturisis (beginning with Mc(begor |I976| 
and continuing to the present [Koliinson el al. I989|) 
coiisislenlly mention the |H)lenliat value of native liees 
as pollinal(»rs. but they have also <lis<*ounled the 
ini|Mirtance of this large, worldwide, pollinator forc*e 
(>20.(K)0 species) through the repetitious use of the 
following as.sertion: iHffntlation deiisilies o/nafire Itee 
sfyecies vary from year tii year and. as a result, they 
are not defnaidalde as crop poHinalors (see Kohinson 
el al. 1989. 418. 421-422. 4JS.3. as a recent example), 
rile statement is flawed because a comparison is made 
between an intensely manag(*d s))«M’ies (honevlM*e) ami 
a large I'omplex of unmanag<*d native bee species. 
Thus, these types of comparisons are appropriate only 
when parity exists: i.e.. managed honeyl>ee |M)pulations 
should be ('ompared directly with managed native bee 
populations (e.g.. alkali bee.s, leaf cutter bees, mason 
bees). Unfortunulelv. rigonms field trials of the ly|>e 
needed to obtain these data have, with few exceptions 
(Torchio 1979. 1985; Tepedino 1981: Waller et al. 
1985). not lieen undertaken. Kquily should, therefore, 
be incoqiorated into future studies (h*signed to measuiv 
arcuralely pollinati(»n efficacy of honeyl>ees and other 
|M>llinaling spe<*ies bv cnip. Once equity is established. 
sul)se<|uent com)>arisons <»n )N)llinali(»n efTi<*a<‘y l>elween 
honeybees and native bees could In* based on scientific 
ev idence ratlier than (»n assertions or estimates arbitrarily 
derived bv some api<*ulluristsore<‘ononiists (see Kekerl 
vK Shaw i960: McOegor 1976: Levin 1983. 1984: 
OTirady 1987: Kol)inson el al. 1989). 

The concept of eijuity incorporated into comparative 
studies ol crop pollination by bees can not be 
(weremphasized l)ecause apiculturisis have more rw enlly 
liegun to tival estimated numliei-s as factual data. For 
example. Kckert & Shaw (KXjO) stall'd (again, without 
ev idence) that honeylM*t*s account for at least \.W/i of 
all insect {xdlination. Barclay \ Mofh'tl ( K)$U) and l>t*v in 
( I98f)) then leferreil to the fJOCf figure as a legitimate 
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mmil>er even liaUi huu* n«‘\4‘i hrni 

olilaint*(l. ()‘( irarl) ( llu* jM*nfiita^«* nuriilM r 
h) (Irdiiclivt* leasoninp. hiil Uol>insoii el al. 
reestaltlisiied liie 8()Cf hone\ |M»llinali<»n and 

I.. Soulhwick (X Soiilliwit k (1*J89| itHtNided nllier 
esiiniales. ^el, none ol these studies \>as based on 
(|uantilati\e eoin|Kiris4»ns (»f |H)llinution eilieuev among 
bee s|)eeies. As a e4iiisec|iieiu e. tlie ’’data * pres<Miled in 
tli(‘^(‘ simuid Im‘ (’onsider<‘4l as iinsub>taiilial<Ml 

estimates until su( h tiitie as (juanlilalive and eom|Kirati\<* 
results are oblaine<l. 

flc»i*<»fopm<»iil of iHfft^rtnti SttxtU^u^s 
for invn*€tstnif \uothors of C'r«»p 
PoUmaiors 

Apieiillnnsls eonsuler the Kuiopean hoiie) l)ee tlie most 
important pollinator of L .S. crops, and other 
ugriculliirists aecepl the statenxmt as fact fFiee 1 970. 
Mctiivgor 1976. Parker el al. 1987. Ke\aii P)fi7. Ke\an 
el al. in (iress). Thus, there is ali!i<>st total agreement 
ill the agricultural coiniiuiiiity tor a need to increase 
niimiM'rs of hone\lM'c (’olonit's iist^l in |M)llination rental 
ser\ ices. Many agricultnrisis also recognize the 
iniporlamu* o( non-hoiie\bee species as |Hillinalors of 
crops, but others Ixdieve the establishment ol managi'd 
habitats in and around agricultural zones may be the 
best sirateg) to increase the total ruimlM^rol |K)llinaloi‘s 
in agricultural iMuironmimts. 

Bohart (I9.ll. 1962) was one of the first to recognize 
the l>eneficial and iletriniental effects on bees caused 
by human mani[nilation of the environment. He 
recommended the dev<*lopmenl of habitat management 
programs as om* metluHl to incri^ast* numbers of native 
species in natural as well as agricultural i*cos\stnns 
(Bohaii 1971). He also ile\eh>ped nieth<Mls for using 
native bee specie.s as cominerciall) managed 
pollinators of specific crops and eom-liided that this 
latter approach offered gri'aler returns (in pollination 
effe<iiveness) in less lime compared with results 
obtaineil in habitat management studies (Bohart I972. 
[lersoiuil ( omniunicalion). 

Stephen ( I9.S.S) also r»‘c ogni/.ed the decimation ol native 
bee {Mipulatioiis r(‘sulling from <*\tensive land clearing 
in Canada. He too piX)|N»sed ( onservation and habitat 
management of areas in and adjacent to agricultural 
zones as a viable strategy to maintain populations of 
native |M»llinatorsjM>cM*s. His later studies wen*, however, 
focused on ileveloping candidate species into 
commercially managed |H)llinators of alfalfa see<l cmps 
ofvvesleni Noilh America (Stephen 19.59. PX)0. 19()2). 
(Grower aceeptanci* and sup()oii ol these programs 
faeililatt*d rapid giowth of iIk* alkali Im‘<'. Aom/V/ nwhimleri 
(hjckerell, ami allatia leal culling bee. Me^arhih 
rolitnJat4i (K). industries, whi<-h in turn (]uicklv satisfied 
|H)llinalion nM|uiivmenls ol iIk' largt* a<*reagf*s ofallalfa 


><*<‘(1 cMOfis planti^il in western North America (Torchio 
PXif). \UvAti 1972. Parker vX Ton-hio PKiO. Bilnerl<Xi2t. 
Much of the iKiseline infoniialion oblaiiu*d Imm stialies 
on aitt'rnalive |M»llinator species l>efore 1970 has been 
summarized b\ ITee(1970. PX{2)and Mc(irt*gor( 1976), 
whereas (aimetX Walkert PXU), IVescott & Allen 
( 19fX>|. linker el al. (1987). and Idrchio ( 1987) have 
review**<l moiv recent literature. 

The most ii*cenl reviews of crop |Millinali<m b\ ins«“cls 
(Ihescoll Mien 1986. Parker el al. 1987. Boliinson 
el al. 1989. Kevan et al. in jiress. K. K. Smthwick »X 
Sailhwick in press) have devoted generous discussions 
lij a few subjects that have been previouslv ignored, 
sunimarizi'd as low-priority items, or considered as 
common know h*ilg(*. Thev im iude the iveognitioii of ( 1 ) 
a large resenoir of managed or unmanageil bees that 
pollinate s|x*cific cmps (see listing conifiiled bv Crane 
vX \\alk«*r 1 1983|). (2) rt*duction of horuwbee aiul native 
bee populations e\pos<‘d to pi'sticides or bee loss(*s 
attributed to indirect elTeclsof lierbicidt*s. (3) dwindling 
lx*e |Kipulations in habitats distudMil by human activities. 
( f ) fe*wer numlx*is ol Ixv s|iec'ies and smaller |)o(nilalions 
of i-emaining be<*s distributed in and adjacent to areas 
of intensive agncultim*. and (.3) the formidable problems 
curreiillv lai ing the honevbee industrv. Some of these 
same rev iewers have also userl ihest* subjects in difiereiit 
combinations to establish proposals outlining methods 
for iiu'i'i'asing numbers of |>ollinators. 

Proposed Re<*oiNi»endolioii.<« bf§ 
AptvtfUurisis oiid \f»tiapiciiffiirisfs 
fo .\ifiiilK*rs of PoUioaiors 

These* r(‘conini(*ndations fail into two g<*nt*ral 
eate*gories: 

1) riu* apicullurisis (e.g.. Bobinson el al. 1989) 
suggest that studies of native [)ollinale>rs show pmmise 
ami slumld coiitimu*. but the main thrust of support 
must be* re*se*rve*d for h<me*vbe*e* re*se*ar<*h to re*se)lve* 
the- most ihivatening [iroblems plaguing that ineliistn. 
After these preddems are resolveel. many in the 
honenliee imluslrv believe that thev ceuilel once again 
suppiv aele*(piale numbers of bees feir the majorilv 
e)f I'.S. e-rops re*(|uiring {mllinalion. The apiculturists 
r(*ason that an e*stablishe*el industrv. an ae-tive re-se*arch 
support gremp. and past siice esses in pedlinatiem 
services justifv the conlinueel use of Kiire>pe*an 
honeybe*e*s as the primary pollinaleir of T.S. cierps. 

2) The* murapie ulturists (imdmiing therse* stuelving 
native be*e |Ndlinaloi's| agree that sup[KMi eil honevbe'e 
research should be ceintinued. especially in areas 
focused on maintaining or increasing numbers e>f 
colonie*s available fe>r pedlination re*ntal. One grou|> 
of non-a[)i(*iilturists place a higher prioritv on the- 
eh‘ve*loping habitat manageme-nl programs fe>r native* 
bee*s as the* Im*sI strate*gv to e*nsure* against inade'e|ua(e* 
pollination of manv agrie ultuial cre>ps in the* futiire- 
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l)v Ke\an Tliose non-apiculliirisls 

llial iiu*r«'ast‘(l luinilu'rs ol nalivt* hees 
maintaiiiiMl in lialnlat mana^rnirnt [)n»^rams could 
l)c used as allcriuili\c {Nillinators if lioncyhtM* <‘olonics 
conlinuc lo <lecline in die Iniled Slales. Tliev also 
helieve dial a pollination crisis \nouM he a\erled in 
most agricultural areas of the Lniled States if 
managed hahilats >\cre csluhlished. 

A few iHMiapicuIlurisls (e.^., Parker el al. 1987) ha\e 
also discussed the real and |K)tenlial dangers that ina\ 
occur whenever any one species is used as the only 
pollinator for the majority (»f crops. As a result, they 
sup|H>rt most plans dts^i^iu'd to im rease |>opulations of 
managed or unmana^cd non-lioni'Nhet* fM)llinators|)<'cics 
irres[iective of lioneyhee a\ailahilily al any lime. 

riu* i'llect of these comhined [>ro|M)sals has stiniidale<l 
a growing awarmiess in the a^rimdlural community for 
a nee<l to increase pollinator numhei-s as insurance 
against inadetpiale pollination of I .S. crops. These 
proposals should not. howe\er. he acce[)led in their 
entirely, hecause enu li is Hawed in dilfei-eiit res|>ects: 
rht* recommendation of apicullurists dist'oiints. h\ 
omission, llu* n*al and pottmlial value of non-h(meyhc<‘s 
as crop pollinators: and recommendations h\ those 
nonapicidlurisis to estahlish hahilai management 
pmgrams d(» not address the pmhlemof how to intrcKluce 
and maintain suc< (*ssfully entire guilds of pollinator 
s|Hn*ies within i'»M onstitulc<l hahilats. 

IliecoiK epI ofluihitat managenKMii pmgrams is [inihahK 
unworkahle in areas of intensive agriculture hecause 
large expe nditures would he recpiired to estahlish 
suffie iently large hahilats needed to maintain 
ad(‘i|uat(‘ numlx’ts of pollinators in and around large 
fanns with high land values: luThicides and pcslieddes 
are* a|>pli('d fr(M|m*nlly: many (’ross-pollinated crop 
specie's an* planle'd in large* tracts ol unhroken ae*n*agc 
(inoneicultuiv): some e*rop specie's ine'ludeMl in nitalion 
sche*elules may not flower during Highl periods e»f any 
eslahlishe*d lK*e species anel/or flowers e>f other croj) 
>pe*cie*s may Ik* iinatlraclive to tlu>se pollinators: clean 
e-iiltivaliem hahits have inaelverlenlly eliminated me>st 
of the* ne*sting aims previously used hy |Mellinalor sjiecies 
(thus, aelditional time and e\}>ense will Ik* irquirenl to 
n*introduce many native* pollinator spe*cie*s inte) lhe*se* 
ree-laiine*d anel manage*ei hahilats): islands of manage>el 
hahilats woidil like*ly piiNluce* re‘se*i*ve»ir peipuIatieMis of 
|K*sl s|>e*cie*s: anel iiTigiition praclice*s often have* negative, 
long-tenn effects on soil-nesting poilinateirs. In addiliem. 
the* most inle'tisive agrie ultural aivas are founel in the 
vve*sle*ni se'e'lorof the naliem. where the maje)rily of e*niss- 
pollinate'd crops arc grown (Kohinson e*l al. 1989. 
es|)ecially table I). It is likely that attenqils to develeip 
hahilai management pmgrams on or adjace*nt le> these* 
large* we'slern fanns will U'e-osl in<*fre*< live*orimsuilahle* 
fe>r the* agro-«*(*osysle'ms unele*r e‘onside*ration. or IkiIIi. 
Ironie ullv. many fanns in the we*sleni linile*el State's that 


vvouhl he me»st henefited hy increased numhers of 
pollinators have Ikk'ii depauf)eratt‘d ol naliv e f>ees. fhe 
elisappe*arani*e* of native peillinalor spe*cie*s fmm most 
of the*se* are*aseK*cum*d siM)n after inte*nsive* agriculluml 
practices were adeipled (Torchiet I^Xrf)). 

n.v tfferiiafirH* Polliiiafonv 

llie I SI) \- AKS liiLs. since 1917. sup|N>rte*el an alternative 
tmigramme to increase |>ollinalor nunilK*rs for intensively 
faniu*el are*as. Iliis ongoing pmjee*t hits pione*ereel studies 
that have* Ie*d to the siicee*ssfiil de*vclopme*nt of a numiver 
of neai-honi'viMM* spi*cie*s use*d as managenl {Killinalors of 
s|)ee*iri<' cm|»s. In his iwiew eif the subject. Toichiof 1987) 
descrilied how the following s|»ee ies were develo|>etl: the 
alkali hee and alfalfa leaf ( ulting l>ee eslahlished as 
commercial pollinators of alfalfa se*e*d emps: (hmia 
li^naria ftropintiua Cresson elevele»|»ed as a |K)llinatorof 
almeKid. apple. e*herry. |K*ar. plum, meaelowfoam. ele .; 
Osmia ntrnifnms (Kadeiszkovvski) eslahlished as a 
commen’ial |K>llinator of apple in Ja|Kin and successfully 
tested as a (lollinator ol orchanl crops gnmn in areas of 
higlier luimiditi<*s in the* L iiiteel State's: and Osmia comuta 
Uitre'ille that is eslahlished as a )N>llinateir of apple anel 
almonel crojis in Kuro|»e (Spain) anel successfully testeel 
in the L nited States. Another l»ee native to North America. 
Osmia rihijloris hiedenmmnii Mie hener.ha'i mem* n*cenlly 
he*(*n use*el successfulK as a highly e*ffe*ctive and 
manage'ahle |M)llinator of highhush l)luelM*rr\ (Tem hiei 
in pivss). 

riiis partie iilar LSDA-AUS pre)giamme **development 
eif non-honeyhee species as managed pollinators ol 
agrieaillural cnips" has feK’Use*tl em sliidit's eif candidate 
|Killinators of cm|)s that an* inade*e(uately |K)lliiiate*d hv 
honeylK*t*s. In addition, management systems have lK*e*n 
dcve‘le>pt‘d amunel e anilidate he*e* s|M*cle*s that expn*ss 
the gre*aU*sl |Mile*ntial lor))e>pulalie)n incrt*a*ies when these 
hees are inlroeluced into intensive agricultural 
environments. Conse(|uently. research results first 
eihlained in fielel studies have lieen sul>se(|uently (and 
seMiietimes conce>mitantly) tested in commert*ial creep 
environments (e.g.. Torchio 1976. 1979. 1982. 1985; 
Torchio eX Asensio 1985: lore hio el al. 1987) thmugh 
an (*\pe*rimc*nlal programme* that is enilline*d helovv: 

1) Fle)Wi*r visitois of laigelt*d cneps anel re*lute*tl specie's 
are sui’veye*el to ide*iilify canelielate |Me|linalor sjrecies. 

2) The hie ele^eseef candidate s|iecies aie sludieel in detail. 
5) Biological data are UM*el to develop methods that 

impnw e nesting success, immatun* suix ival (inclueling 
cemtrol of j>anisite*s. t*tc.). and suiviveership ol candidate 
|M)llinatoi's llmuighoul winte*ring pe*neMls. 

1) Me'lhenls lee e*stahlish fie'lel-trappe*el peepulalions in 
agricultural <*nv imnme*nls are* te*ste*el and e*valuate*d. 
5) Foraging hie>le^ ol e*ach canelielate |M>llinate)r is sludieHl 
in agrie ultural anel natural env inmments. 
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6) Polliiuition is on ihr l>a^is of 

c|iuinlitativt* dala ohtaiiied tor ea< li tar^olod rmp. 

7) l^llliluUor [M>|niialions4>r known lumiUMs aiv iiiliiNlured 

in!o agiiciiltural cmii'nnmentslodHmnine niijfralon. 
hal)ils of nesting: l>t‘es and llie sul)se(|iieiU im rease 
or d(H‘ri‘as<‘ of |K)piiIations on niinilMMs of li\r 

I prop'iiN ohlainrd. 

Results f|-om tliese ((niilHne^I studies lia\e llien heeii 

I used to develop inana^emenl pr4>|irarns lor eai li 
|M)lliiialor s|>e('ies intUMlueed into intensive agneitllural 
envimnineiits dexoid ol niaiiape<l lialHlals ('Idn hio 
1976. 1979. 1985. in press a.h). 

It should 1 k' ohvioiis froin the above review that at least 
three different approaehes ran Ik* < (insidered in any 
protTraimne desipied to inerease minihers of pollinators 
userl for L.S. en)[>s: (1) additional honeylMH* eolonies can 
lx* made availahh*: (2) habitat manageineni pm^rams 
can be t^tablisluxl for the Hist time to inci*ea.s<* numbets 
ol |X)llinator sp<^*ies and the po|)ulation si/t^ of eacdi 
s|XH'ies: and (5) addithmal non-b(MievlN*i‘ s|MX‘ies<*an lx* 
tlevelojx^l iis maiiajied. alternative |Mdlinatorsofs|>ecifi<- 
cn)f>s. It is also (M»ssible that lliese three areiis of reseairh 
interests can be combined into a unified national 
jmigi'anime res|XHisible for developing the lx*sl )K)llinalion 
stmtegy for s|)eciric cix)ps or cullivars planleil in various 
clinialic zones aci*oss the coimti'v. 

There should be no doubt, however, that Innieybees 
(Kuropeaii or African, or Ixith) will continue to lx‘ used 
as the major |M)llinator foix't' of I .S. cm|is in the imimnliale 
fuluie Ixn ause allemalive piDgrains have not ix‘cn fully 
developtMl: i.e.. manag<‘d habitats have yet to be 
establishtMl. and (ommen iully inanagtMl non-honeybee 
|K>llinalors liave not been devel(»|H><l for many I .S. <*m|)s. 
This situation will not change unless a national iMtllination 
pmgramme is implementeil to jinw hle riM ommendations 
for the best fMillination strategies of L.S. crofjs. If a 
pollination programnn* is not established, the long- 
standing and dominant pra<'iu‘<* of ac< (»mnHMlating one 
pollinator s|>ecies to fit the pollinalitm needs of most 
cn>|)s will Ix" tx‘qK*lualed. and (ulure recommendations 
on crop pollination will continue to be based on 
incomtwable. qualitative results. 

Dis€'ussio»t 

W herj tin* pugnacious and feare<l MVican honeybee 
enters the I nited Stales, the nundter of managed 
honeybet' colonies reserved for crop pollination is 
e\|x^(*te<l to decline rapidly. Inadequate er<»p |H>llinalion 
assiK*iate<l with reducecl 11111711)01^ of honeybee colonies 
will likely occur, resulting in a crisis that will pnxluce 
a floiHl of papei*s offering different resolutions to the 
problem. These pro))osals will no doubt repeal tiUK’li 
of w hat has already been review txl lu*rein: apicullurists 
c*an be expected to recommend additional suppvjil lor 
honeybee* rese*arch. and the* lime*-honore*d rationale 
(te)o few numbers of other pe)llinate>rs available*) will 


be use*d as the majeir jusiincatie>n for those profxtsals: 
a large* gre)U[) ed nonapie ultiirisls will c*ite* the* gmwing 
literaliiie on native lx*i* bie>logy and )K>llinalion (mostly 
basic research) as [irimary reasons je)r suggesting the 
t*slablislimeiit of habitat inaiiagemenl programs: and 
those working te> elevelop commere ially managt*d non- 
heme*ybe*e‘ spe*(*ie*s will re‘(‘omme nd more* inte*nsive* 
use* of the*se* be*e*s as alte*rnali\e* (*rop [leillinalors. 

II honeybee numbers elo. in la<*t. dee'liiie rapielly in 
the nt*ar future, it is likely that a pe)llination crisis will 
first appear in aivas eil intensive agriculture be*i*ause 
(1) cicreages e>f cross-pollinated crop s[)ecie*s have 
ine re*ase*d dramatically, and e*ae*h eil the*se* crops is 
ele*pe*nele'nt on the importation e>f large iiumbc*rs of 
pollinators eluring short flowering periods. (2) one 
spe*cie*s (the he)ne*ylx*e) is use*el as the ptimai'y |X)lIinalor 
fe)|- the* majority of U.S. e*ro|)s. arul (3| fe*we*r iiumbe*rs 
of hom*ybt*e‘ <‘olonie*s we)uld be* available* to peellinale 
the*se crops. 

The status of L .S. crop peillination and the pe)ssible 
changes that may ex-cur in this iiailiciilurfielel of inlen*sl 
w ithin the next 5 ye*ars e-an lx* summarizeMi in the* hirm 
of lhrt*e pertine*nl (|ue*slions: (1) \\ ill a |M»llinalion crisis 
ex-cur after the MVican he)iieybe*e e*nte*rs the I nite*il 
Stale's'' (2| If se). shoulel the* Lnileel Stalf*s reevaluate* 
e-urrent pollination strategies? (5) What alternatives 
are available tei ine rease numbers of pollinaleirs in 
the slu)i1t*sl lime frame* jxjssibh*? A re*speuise* tei e*ae h 
(|Ui‘stion is give*!! be*low. 

If the African honeybee enters the Lnite*d States 
be*fore alternative pollination strategies are* 
establislieel. and ifthe public’s reaelion proves to be* 
as negative as now expecleel by most apie-ulturists 
(Taylen- 1985. Iiinde*rer 1986). there is little* ehxibt 
that the I .S. htuieybee* imiusiry will e*xpe*rieme 
temporarily a rapid de*( line in the total nundM*r of 
manage'el bi*e* e-olonies available lor honey pnieluction 
and pollination servie-es. Lo<-al ordinances may well 
be adopted to |>revent heebbyist be*(*keepers from 
maintaining bae kyard e olonies. migratoi-y be*eke*eping 
practie*es would probably be disrupteel through 
(*nioree*me*nt of re*strictive* laws, anel various lawsuits 
involv ing elifle*re*nt aspe*cts of the be*e imiusiry would 
probably im-n*ase*. The*se negative fae-lors would work 
in e-«)iie ert to rediu-e further the availability of crop 
pollinators, anel the first symptoms of inaeleeiuate 
pollinulion woubi probably be expressed in the 
western secte»r of the e-ountry where large tracts of 
meinocultured. cross-pollinated crops are* plante*d 
(e.g.. almond, apple, avex aelo. i-ilrus. melons). 
Recovery of the honey bt*e industry weudel then oce-ur 
as the public’s negative pe*rcepliem of the Africa!! 
honeybe*e slowly me)eiif1e*el as has hapfiene-d in othe*r 
e'oiintries already invaded by ibis pugnacious 
subspei-ies (Tay h)r 1 985). 
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Tile se<*oii(l question (reevaluate |Millinali(m strategies} 
is (liffieult to discuiss bec'ause |K>lliiiation. unlike other 
an*us ot'sc'itMilille inqiiin. historically been sliiditNl 
at the species orcullivar levels by individuals 
represenlinp diverse fields of interests (e,p.. botanists, 
horticulturists, plant breeders, enloniolof^ists. 
apiculturisls. ecologists, physiologists, geneticists}. As 
a result, the pollination systems of some plant 
species have been studied in great detail vvhib' 
|M»llination and fertili/alion mechanisms of other lava 
(including some crop species} are poorly known. If 
crop pollination enlei*s a crisis phase in the future, 
preparation can now lie made to establish an acceptable 
[Kilicy designed to correct the problem. For example. 
|xdlination efficacw indices should be develo|M‘d for 
ea(*h |)ollinalor species bv i*mp as a first [iriorily. These 
indexes would then lie used as the cornerstone on which 
|)ol]ination recommendations would lie baseil. A(*(*iirate 
r«‘commendution> might, in turn, increase the efl'ective 
utili/ation of all crop pollinators, and the efficient 
use of these pollinators would redm e the negative 
effect of a pollination crisis. If pollination efficacy 
indices are not established, future recommendations 
fmaised on ade(|uate pollination of crof) s|>ecies will 
<ontinue to vary (e.g.. blueberry = 0.3 honeybee 
colonu*s/a<‘re. Manicci l*X)6: or up to lO {‘olonies/acre. 
McCiregor 1076), and (juantitative results obtained for 
any pollinator s|M*cies/cTop (e.g., |M>llination <‘ffica(*v 
of Osmia rihijlons on highluish blueberry [Torchio in 
press b|. or (hrnia lif^naria propinqua on ap|ile [Torcliio 
1083|} would not be directly comparable to the 
(jualitative lesiilts alrt‘ady obtained for other pollinator 
species studied im the same crops (s«»e “Pollinators*’ 
and **l^)l]ination IbM-ommendations** listed und(Tca<'h 
cnip s|>ecies in Vlc(in*gor 1076). 

The third <|uestion (how to increase numbers of < rop 
pollinators} can best be res(dved if the three 
proposals described above are ea< h adecpiately 
supported and better fo(*used. For example, a pilot 
programme can easily be designed to establish a 
number of reedaimed habitats in a variety of 
agri<‘ultural environimmts throughout th(* iountry. 
In addition, small populations of large* numbers (d 
bee species (including non-honeybees developed as 
commercial crop pcdliiiators} could be introduced 
into each managed habitat at least to develop 
pollination efficacy indices for the maximum 
numbers of bee spe*cies per crop per environment 
in the shortest time frame possible. Those (d us 
dev<*loping non-hoiu*ylx*es as commercially managed 
poliinat(»rs would, during the same peri<Kl. increase 
the number of candidate species developed as 
p<dlinator spetdes and the numl>er of <Tops pcdliiiated 
by non-honeybees. Apiculturisls would then be in 
a position to emphasize research designed to develop 
methods for increasing numbers of honey bee colonies 
maintained in agricultural environments, if these 


programs were coordinated through a single funding 
source, collaborative t)arlicipalion by apicullurists 
and non-apiculturisis would mort* easily be 
accom|)lish(‘d. the establishment of pollination 
efficacy indexes could become a slatMlard pnH-edure. 
and the production oi adequate numbers of 
pollinators for L.S. crops would be realized in the 
shortest time possible. 

The rapid disappeanmee of natural habitats, combined 
w ith |>olhilion spreading into existing habitats, are real 
threats facing future efforts tiesigned to maintain or 
increase bee pollinators in the ITiited Stales. 
Conse(|uently. collaboration lK*(ween apiculturisls and 
nonaf)icullurists is necessary as a first sl(*p to resolve 
any pollination crisis that may deveh»p in the I iiited 
Stales, because collalNiration would be lime* and cosl- 
efTeciive, and lime is a premium commtKlily (the African 
honey bee is ex|)ected to arrive in 1‘exas sometime in 
I990f. In addition, funding sources are limited, and 
natural environments (from whicdi non-honey l)ee 
populations are obtained) are rapidly disappearing or 
bec'cmiing unavailable. It should Ih* obvious, therefore, 
that ccdlalHirative studies would pennit the maximum 
number of researchers to participate equally in 
developing methcMis to pnidiic'e adecpiate numbers of 
|M)llinat(»rs for U.S. crops in the sh(n*lc*st time possible. 

Implementation of this type of pn»gramnie should be 
seriously considered irrespective of any impending 
pollination crisis that may or may not cM'ciir. iMM ause 
it sets standanls for comparative and cjuantitative n*sults 
in pollinatic»n studies by requiring establishment of 
pollinator <‘fficacy indices. Th<*se standards would 
p«‘rmit researchers to c*ollaborale in comparative 
pcdlination studies of crop (‘ultivars grown in 
different climatic zones of the I iiited Slates as an 
imf)orlant first step in establishing pollination needs 
by cullivar and (h*veloping managc*mc‘nt pi*i»grams for 
efficient pollinator species ((Garcia l*)81: TetH‘dino 
1981; Cane ^ Payne Ibrclho 1983. in press l>). 

The |M>llinalion of grc'enhouse crops (an increasingly 
impc»rlant industry in the linited States) c'ould also be 
included under the umbrella of a national pn»gramme. 

^reprinted icith permission of the author 
and the Eutomoiofdca! Society of America 
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2.1 SI CCESSFII. l*OIXfVlTfO\ 
<& EMLWCED PitUJWTOR 
IBI\D.\!XCE 


Xllr t<‘nil * vnhanvvd fn>Uhuthtr tihtmtUmvv is iisrd 
hen* in reference lo artifK-ially nu!ni|uilale(i or inanapni 
(M>|Milati(»n> for iht* purjxM^ of cmp {Millinution (in conlnusi 
(o wild pollinator populations llial have not heen 
mani|>ulate(l din’ctly, see SvtMuis 1.2, 1.6). In (niler to 
use enhanceil fxillinalor [K)|HiIali(ms for iijjricultural cmp 
|K)llination. a variety oi conditions must 1^ fiilHlIed. Not 
onl\ do we netni to understand the l(K al recpiiivments oi 
a <‘m|h Arlditionai (*m inmnniilal. (HiHioinie, infra.stniduml 
and so< ial coiwlilions must (»\ist in oixler to ha\e acc«*ss 
to the ne<’(‘ss«ir\ |)o|linalor [K>pulati<Mis. Hiis chapter gives 
a Imuid discussion of necessiir> conditi(»ns for sia c essful 
|N»liination stMvices. 

rile exceptional atlvances made with te'in|>i*rdte rar e's <if 
\/fis nieUi/rm allow such «)hser\ations as those of Five 

{WX p. 52): 

W hen it is know that a cmp isdilllcult to (M)l!inat<‘. 
usually hei ause it is a species relati\<dy 
unaltraetiw t<» honev l>ees. inon* than 2.5 colonies 
(and often 3 to 6) per hectare are sometimes 
recommemletl. In contrast, when a cmp is 
attractive. Imt. its ilovvers iuv nHii|)timlively sjKirse. 
or can Ik* seIf-|K>llinaU*<l. fewer than 2.5 < olonies 
|K*r ln‘clar«‘ an- sugg4*st(‘d (e.g. Curumis we/o. 
Trifolium ivjH^ns). 

L tifdrtunateiy. I am not awam that an\ such g(*nerali/ed 
tlgun*s exist for ()ollinatoi's other than one or two races of 
temperate Apis meflifeni (usually liffusfira). Some 
ivcommendations weiv n*cently gi\en for the 'stiM king 
densit\" <if Iptv arana in cn>p fields. Thes<* seem similar 
to the n*c4)inm«‘n<leil densities for llu* western hi\e Ik*c 
iKH aust*. although the eastern hi\e l)ees maintain much 
smaller c<»lonies than thos<* (>f 1. meUijera. they do not 
fomge as far fitmi the hive, and con.s<‘(piently molt* will 
\ isil lh<* taigi't «‘it>p. \ostiidi(*s for the main other tn>|Hcal 
|H)llinators are c’oinplete enough to |H*nnit su(*h hasic 
estimatesof (lolliiicitortilHirKliiiKe iv<tuiivmenls in cmfilands 
or other 'managed systems*. 

Ilefore a crop is selected for cultivation in any 
environment, its pollination needs should ideally he 
evaluated. Ch*arly, Irom tlu* information given in the 
Appendix I. we are ignorant of the pollination 
rv(|uirements of main plants (‘ultivated in the tmpics. 
Frequently, for coininercially grown crops it is know n 
whether their fruit or set*d priHluclion and <]uality will 
1 h* incit*ase<l hy ahundant pollinators. However, what is 
not known fiir most local conditions is whether the 
|K»llination need can 1 m* taken care of hy l(M'al. or wild, 
pollinator populations. This (fuestion becomes more 
(lifTicult wlu ‘11 litth* or no |>ollinalion rt*search has iM*(*n 
d(Mie with a parliiailar crop. 


As a guideline, it may lH‘assum<*d that any cmp reigiiring 
|M»llination will pixMluct* less without extra |K)llinators. if 
it is p/mi/ef/ in fivtds ivhler timn 50 to 100 ni. even 
if the field is near the edge of areas w ith ahundant 
|K)llinators. Pollination success of course also dejiends on 
many other conditions (siv Sivtioiis 2.2-2. 1). For cn)|)s. 
we must always consider 

• tlip species of natural pollinators 
and their fontfdng ninges 

• the attmrtiveness of the crop Jhnrers 

• the use of pesticides in the arett 

• the total siz4> of the field 

• the distance to the naturfd habitat 
of the tvild pollinators 

\ Macadamia nut ))lantation in Malawi, lor example, 
revealed the natural (Millinators (mostly Apis mellijcra 
scutellata) wen* enW’tive only in tin* fii'st few mvvs of trt*i*s. 
de*spite ahundant hone*yl)e«* colonii*s in fon*ste<l s1o|k*s not 
nnm* than l(K) in from the edge of the plantation. 

Disirihution studies of hoiic'v|M*e foragers in field cnips 
show the inqKirtance of saturation of the area with bee 
coIonif*s and the n*sulting invgular distribution with hwver 
d<*nsitii*s. IX*|K*ndingon the imp's lloweringcharacleri.'iti«*s. 
lower jMillinator |M»pulalioiis may Ik* sulTicient. A 'iiile of 
thumb* for (he densilv of horievl>ee (‘olonies that might 
Ir* lUHxieil for successful |M>llinalion is that appn)xirna(elv 
2.5 colonies |>er hectare (1 colony |>er ai re) should he 
distribut<*d e*venly thmugh thecnip. llie numlK*r incn*a.*M*s 
with unattractive cm[>s. for hybrid st*ed pUMluction. or in 
tin* pivsence of significant com{H*tilion fix)m o|h<*r floral 
n*soimes. 

2 . 1.1 of Cro§»s 

A Oilfiralioii Uvthadst 

In manv countries. fiMMi 'si'lf-suffii iency at any cost* often 
tenned the ‘green revolution* (Seiiion 1.6) has hmughi 
much envimnmental destruction. Many of the resulting 
agrii ultural sy.stems am not .self-sustaining or elTii ienl. 
becausf* they ilepend to increasing degrees on cuitside 
iiqnit of imjKirted |K*sticid<*s. fertilizers. maehiiK's and fuel. 
I.arge-scale extensive cultivation practices have 
di*mons(rated their destructive natim* und(‘rmost (ntpit al 
clirnaU*s. soil (‘(Ridilions and maiuigemenl. ^et thev an* 
still contiiiueil liecause of the ex|K*cted high, short-lenn 
yields, which are often not su.stained. 'Fhis is a familiar 
sivnario for nuiny enteqirises in Snith iuid Central America 
and Fast Asia. Meanwhile. iKuidestnictive agiicultural 
melhoils have heen deinoiistnit«*d lo lx* just as pn)filahle 
as high-lei'hnologv. high-input agricullun*. 

Thmiighoiit the world, the wleclion of the right cmp or 
(Top variety is very important, as (his ullimatelv 
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iletfnnines wlifiluT ( iillivalinii will lie |>n)[ilalile. l/n al 
indigenous varieties are usualK ven resistant to «liseases 
eommon in iheir area. Iiut do not have the high 
prodiu'tivity of hyhrids grown vsith ail the nM|uisil<‘ 
(‘ht'inical sup|MHl. In addition, native emps often do i]ot 
respond to fertilizers us dramalit ally as liyhrids. 
However, when ImiIIi are grown ivilfioiO all the refined 
le<'hni(|iie^ and inputs, indigenous enips in most eases 
prohahly oiit-eoni}M*le the hyhrids. Many local crops 
<’ouhl lie inipmved lor yitdd. pailieularly in ctuijunction 
with less chenii< ally-enforee<l cultivalion methods. 

.\el Uviivfils from maiuified poUhwtUm (in the form 
of extra fruit or set ami fwtter quaiity) in// tu'car 

tmly ii/ieii cidtivation practices airetuty an* exceUent. 
(dven limitetl inu^tment c apital, the (dlleieney of cmp 
pnKliiclion coiihl Im> impmved ihmugh helter cultivalion 
methods, storage, processing and ship[)ing. or even 
advertising. Pollination is just one of the several avenues 
available to gmwers seeking to increase pmfils. Cnifis 
gniwn under maiginal conditions cannot lie ex|ie< ted to 
improve* nuich through |>ollinalion management unless 
they de|M‘nd nearly l(K)9r on |iollinatoi's an<l these aie 
all absent. (>mwing «-ondilions must lie optimal in onler 
to lienefil most fmm |x)lliiuilion enhancement. Normally, 
there is no need for manipulated |ioliinalion s<*n i(*es for 
exotic crops that do not recpiire highly specialized 
{Killinators. when soil. waUn' and w(‘Uthen*ondilions limit 
fruit set. L iiless the emininment luis lieen Uidlv damaged, 
then* sliould still Ik* a relatively diverse [lollinator fauna 
that can fulfill Iwsic |Killinalion requiiements (see^ tion 
1.0). It is in these conditions (an environment that is not 
severely degraded) that exf>erinienls are necessarv to 
demonstrate the lH*nelit of additional |M)llination and/or 
impmv<*d cultivation melhtKis. 

2 . 1 ^ of i^olHnaiors 

file selection of|M)llinatorstle|iends not onlyon the crops 
rectui?enK*nls. sim*e llieie are usucJly alternative )M)llinators 
available (see Section 2.5). Of prinuin im|Kirtance are 
certain teclinual. prac!i<*al anil <*conomic factors, including 
basic infrastni(’Uir<*s such as rvlialde lrans|vort and gocnl 
mad conditions. I ndei most cir(‘umstanc(*s. |>ollination 
with hon(*yb(*<*s will recpiire migratory beekeeping 
ea|Hibilities, whicli in turn tv<|uirf*s advaiu‘(*d frame-hive 
ecjuipmeiit and knowledgeable l>eekc*(*|K*rs. 

rile type of honeybees present in most pails of Africa 
and Smlh and Central America are overly sensitive to 
disturbance and often react with highly defensive* 
behaviour. Such bees can hardiv 1 h* left on the edge 
of fields where tractors pass or people regularly work. 
\ ilmilionsol the tractor or siniilanliesel engines u|>set 
the ( olonies. \\orkei-s in Argentina often have to wear 
**bee suits** and veils wliile weeding and irrigating 
alfalfa fields, surrounded by Africanized honeybee 
colonies used for pollination. 


Maintaining the less defensiv e Kuiopt*an honeyl Mi's is oftt*n 
ver\ difficult. rt*sulting in lossc*s dui* to dis<*a.s<*s. queen 
ix‘pla(‘(*meiit and low pitNliK livily. Im|Miiling less defensive 
(|iieens is relatively e\|iensive and pn*sents a great risk. 
Most hee diseases are spreitd through such 
mtportatious. AndevenifthediseiLsesarealreadv piesent 
such new sUn k may be h*ss resistant to some diseases, 
which until then had not tM*<*n a pmblem. Colonies with 
imiMMicil ({iKi'iis often fail to pnMliice a luMiev cn>p for the 
lM*ekeejHT. lm|MMled liees are not adapted to the new area 
or to the com|>etition with IcKal liees. Tlieivfoix*. the costs 
of such im(K)rlation programs may add up. be*coming 
much higher than justified by <*conomic l)c*nefils of lielter 
|M>llination. or the monetarv price of the service. S’riiHis 
dis<*a.scs not onlv kill colonies but also dmsiicallv reduce 
the number of active beekeepers and wild colonies. 

\\ hem Kum|M*an liees can Im* bivti in isolation and these 
colonies am maintaintil at least jiail of the year in colder 
umas like nMMinlains orotluilalitiuks. (he cost iuid feasibilitv 
of maintaining Kimi|M*an colonies in zones of Afric anized 
or AfriciUi l)e*es [Apis meflijrra scnfcliala) may lie accefitalile. 
In olheramas. selex lion of less defensive IcK al strains may 
U* (Missihle. but re(|uires time, a well-oigiinized bntfling 
programme, regular re-queening bv beekee|M*rs and a 
sufficient mark(*t for such (|m*t*ns. 

Colonies of l/>/,s ccramt in most tropical environments 
have mlalively small forager |xipuiatioiLs aixl madily mact 
to disturbances by absconding. However, programs in 
s<Hi(hwest(*ni India and siMithem China have demonstrated 
that hug(*-s4'ale honev pUKliiction and stable* management 
using mcMleni hivt*s is (Missible. \\(*ll-<Mgaiiiz(*d bn‘«*iling 
|migrtUiis(‘(Hnbined with impmveil m«in(igemen( nuiv im|)mve 
the cham(*t(‘ristic s of \. rerana ihnaighout Asia. Almady. 
limited migratorv lieekeeping with this sj)ecu*s is {xissibh*. 
The other sfiecies of |M>tenlial *hive liee* — the Malaysian 
honeyliee Apis kos('h(Tnikoi i — pnMiuccs little hoin*y and 
vei\ madilv alisconds(l). Houbik.|N'is.comin.). \olHx*eding 
or management piograms s«*ein useful for this sjiecies. 

The lK*m*fits and limitations of non-ApAs ]M>llinators am 
discusse<l in other jwrts(4 this lnM>k. Due to their sometimes 
higlmr degree of adjustment to sjiec ific environmental 
{‘onditions. they may Ik* lietler in areas whem Kum|>ean 
honeyliees have difficulty surviving. Ik*caus<* nuuiv of them 
am solitarv. shoi1-lived s|)ecies. their life cvcles have to Ik* 
well svnchmnized with (he flowering of the crop (or their 
<liapause and emergence times must be controlled). 
Vh‘li|M>niiH*(sliMgless I K*e) colonies mav present alternative 
clioict*s Ixvauseof their usually docile nature cUid a domestic 
market for their honey (Se<*tion 2.5..'5|. 

lristetMlofsele<tingas|K*ciilc |N)lliiuitors|K<('U‘saiMlsii()|)lyitig 
all 4»f the additional training and infmslmctim* n*<|uir(*d. 
(he (Keservation (»f sui(al)le fiollinatoi' hal>i(aLs uim! ada))tatifMi 
of (*ultivalion praciiees may well Ik* a lM*tler alternative. 
.Smie details are discussed also in Section 1 .6. 
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Vtignilnn l^vk^vpiiig. despite the lii^liereosl iiiui need 
for ivtuihle tmns|xii1, offeis tluMip|M)rtiinily rnmuieli liijjlier 
hone\ yields, Man\ iiiijiralon lx*«*kee|K*rs rel\ llie 

iiU'oine fnini itMital oflludreokmif^ for |M)llinali<Mi. Most 
also iMMiefil frcMij installiii" their colonies al sites dial aix*. 
»‘\en if only lem|)orarily. xen pnKtiuiive. 

The procethire for hiring! romiiwrt'ial poUhutlion 
aerviees rvifttiiva afgn^entents hi the form of vontrovts. 
The most advanlajreous hum aiul lejial stnictim* max he 
diffenMil fnmi cotinlrx to coiintrx. Imt a fex^ kex items 
should Im* 4‘4»ntaiiU‘d in anx xt'dial or xxntt<*n agix'emt'nl. 
Satu|)le < <mtrtK*ls that 4 an he us^mI hx the j:roxx4*r and 
l)eek<*e|)er an* pnivitled in Ap|M*ncli\ II. 

Oner* pollinaUirs have heem chos4*n. it must lx* jxissihle 
to IrausjHul them to tlu* flehls v\lu*iv llu*ir s4*nic«*s are 
nM|uiix'<l. In lli<* ease of ins4*cts ki‘|il in 4‘onlaint*rs tins 
is relalix4*ly 4*asy, hut xxhi’ix* sp4M ill4* m'slin^ sil4*s 4ir 
domiciles are used, mohiiilx is often nxiiv limitiMl. The 
nxu-e fre4juenlly |x*stiei4les are useil. the more im|KM'lanl 
this iii4)hilitx IxH-omes. I Vrennial |xillinaU>rs. those lix in^ 
in 4*oIoni4‘s 4)r4*stal>lished a«jnx'‘jialions. must lx* [)n)t4*4*t4*4l 
fnun p4)isoning. Tlie fulur4* ahtindaiu'e 4d annual 
p4)piilalions is less sus4-e[)tihle | 4 > spraxin^ as lon^ as 
their hr4H)4ls are alrea4lx proxisi4uied x\ilh lo4>d and 
pnile4*te4l (rimi e\|)osiire. 

\\ here ahuiidant floral n*s4)im*4*s are present xxlu-n the 
tar^4*t 4‘rops an* not in hl(x>m. |x*nnanenl cokmies max 
Ih* ke|)l. anil till' |M)llinatois ki*))! Iixhu fixing x\h4*n |>esli4'id4>s 
art* applie4l loen>|)s. ()tii*e 4*mp flowering has ceast*4l. the 
prex4*ntinu of spray iliift. use ol lt*ss toxic inse<*li4‘id4*s in 
loxu*r 4|uantilies (less frt*({uentl\. anil application dunn^ 
the exenin^i or al night) xxill I'onsiderahlx reiluce risk to 
manag4*4l |Millinatoix (see Apfxmdix llll. 

\\ here [x*n!ianenlly estahlisheil or ininiol)ile4‘4 4oiiiesare 
used for [xillinalion. llu*se usuallx cannot lx* kt*pt xvitiiin 
cnip flehls and main foragers may xisil non-emp lloxxers. 
dims huger numlx*is < if 4*( ili >ni4*s max 1 x* ie4|uin*4 1. com|Kiie< 1 
to the usual giii4leliii4*s nienliom*4l alxixe. If the naUirai 
Il4na ilix's not su[)[X)i1 su4*h large luimlx'rs of colonies, 
thim s4Hue additional col4>ni4*s must lx* hnaight in xvhiMi 
|N)llination si'rxh t's an* ne4‘d4*il. Hahital iinprox4*ment 
xxoiihl iliminish the ni*e4l for inigralorx hi'cki'eping. 

Migmt4)ix lx'ek(‘4*ping x>ith slingless Im*4s« max lx* |N>ssihle 
und4*r 4‘onditious similar to honexU'es (S*ction 2.3.3). 
Smie non-lx*e sjx*cies such as flies max lx* reareil in huge 
numlx‘is and simply it*leas(*d xxliert* net^diHl. when the 
adult insects 4*merg4* iSrtion 2. .3) 

Several phasi*s ol 4h*x ehipint'iit apfily to migrat4)r\ 
hi‘4‘kef‘ping. 4>utlin4‘d am! 4lis4*uss4‘4l in iht* (olhixNing 
4*al4‘g4>ries: 


f ) EqinpnumU 

The (K)llinatiou sen ices 4»l lmne\lx*es rt*i|uire 4*oh)nies 
thimiciletl in adxaii4*4*<l hives that 4*an lx* used to pmxitle 
ctilonit's of the right stmngth (see ‘Conditions 4>f Colonies 
ustnl for I'ollinalion Sen ice*. A|)|x*ii4li\ 11) anti at the riglit 
tiiut*. rhi*se can lx* lo|>l>ar or fratnt* hix<* <*4)iiipm4*nt. hut 
ft)!' migraton ix*ekeeping. the frames must hi* xxir<*4l to 
sup(K)rt comits during lrans|X)rl, and screening iuat4*rial 
must lx* us4*4l toalhm adtx|uate xentilalion during lraus|X)t1 
jS*iiion 2 . 3 . 1 ). 

Tophar hin* heekeepinfs, os tniieiy pnirtiveil hi most 
tropical rliiiiates, is iU^sitileil for mifsratory 
beekeepitifg, Cotiih hreakage iluring trans|xu1 ix-curs. 
xxilli suhseijuent h»ss of the colony. l‘Aln*nielx careful 
transjxirl o( loplxar hixt*s can noneth4‘l<*ss lx* aHt‘mpl4*4l. 
hut onix xxhcncoml)s4*onlain litlh*ornohonex anil seah'il 
liroiHl. and xxh4*u roatls are siuihMIi anti colonit's xm*I 1 
xenlilaled. Hoxw*xer. relatix4*lx high losses art* liki'Ix. 

Mtematixely. smaller colonies, or “nuclei** max lx* ust*tl. 
which allow easier trans|)ort and tio not have comhs or 
lranit*s. \ larger numlx'r of colonies xxould he net*ded. 
howexer. The use ol small. *disj»osahle* honexhee 
colonies or “)x>llination units** was Irit'tl e\|x*rimentallx 
in the I S \ and max he feasihle elsewhere where large 
mimhers of sxvarms can he easily captured during the 
lime of year x\ hen |x)lliiialoi's arc* needtxl. This coultl he 
particularly useful in l.atin Ami*riea. wh(*rt* during the* 
swarming season of the African honexht*e xerx large 
mimhers cd colonies can he ohtained. Thex can he 
maintained temporarily in almost any kinti of 
container and place*. Howexer. ahsconding hx lhet]ueen 
and colony tx-eurs fietjueiitlx after transpoil. 1\vo means 
are availahle to ivduet* this tendency — the 4|ut*en is 
c*ilhf‘reonllnt*d in a small “(|ueen cage*** prior to trans|x»rt. 
or “t|uei*n exeludi*!** malt*rial is plac‘4*d over the t*ntranee. 
The latter melhtMl has the drawhaek that, tiopile its 
relative c*ase. a (tiieen that is temporarily staned hx 
the workei-s may still pass through the excluder, and the 
coloiix can escape. Kiirlhemiort*. African hont*ylM*»*s ( I. 
nu’Uifcm snitefl(ihi)\m\uvni\\ abandon their own c|ueen 
in such situations. somi*how jtuning other colonit*s. 

Slinglt*ss Ixvstmt'liiMHiinestand humhlelxx*s ivttuire luxes 
or. somt*times for the foniier. log luxes 4 >fsuitahl 4 * si/e and 
d(‘sign to a 4 ' 4 *ommodate lhc‘ir (* 4 d 4 mi 4 *s and for 4 *asy 
access hx the heekeep 4 *r. They also need to he 
traivs|x>ilahh*. in onler to('on(* 4 *ntrate tlK*m in huge* numlx*ts 
where lli 4 *x 4 *ouhl serve as tMillinalois. (>ar]M*nlerlx*es and 
solitary lx*c*s n‘cjiiin* s|x*ciallx [m*|)aivd nc‘sting sites. 1114 * 
Ih*4‘s 4 >ft 4 *n arc' k 4 *pt in hohling for several months as 
imiuutim*s. and th 4 *ir use* tli 4 *r 4 *fori* r 4 * 4 ]iiires adxani-t*ii 
planning. .Sum* ol th<*se 4 lomieil«*s max not lx* moxahle. 
Moiv n*s 4 *aivh is n‘ 4 |uin* 4 i Iod 4 ‘xel 4 >pappn>priat 4 * 4 *onlainei's 
for lx*e sp 4 *cies and other |x>lliiuitors (see .S*ction 2 . 3 ). 


f*ttUinalion n/Cuhimlftl l*tonts in ihf Jhtfurs 


2) Itifraxiriicfiire. 

For any supply of cnhanrrd or iiirreased pollinator 
populations, appn»priat<* acct*ss to the* litdd is n«*t <*ssiir>. 
Tliis usually m«*ans nwil arrt'ss and not just any hkhI or 
trail, hut reasonably smooth road surfares to a\oiel 
d<*stiiK‘lion ofhivc*s. roml»s. and therefrav whi>le colonies. 
'Hiis is h*ss ini}M)i1anl wlu*re colonies can lx* ledt in place* 
|N‘miaiiently. V\ate*nAays may lx* iis<*<l in semie e‘oiinlm*s 
for tnuis)N>i1 Ut the* |M)iiit tluit whole apiarie*s may lx* instalh'd 
on l»arg(*s or Ixuits. Stu'h riv<*r transtNert is h*ss elislurhin^ 
to the Ixx's than most itwd trans|X)i1. In an> case*, tlie mexle* 
of transtx>rt must he* safe ami de|x*ndahle. Itreakdemn 
ma\ civate a Inizanl to othe*r |x*of)l<* eir iiia\ kill all of the* 
e*e)lonie*s h\ e>verhe*atin». Hoael and vt*hicle conelitions 
shoulel lx* highly reliable lx*e*ause meisl of the traiis|Nirt 
will lake plae*e at night. 

Ijpfgui n>f£ttliitums sftould ftu'iiUate transixtrt tirenring 
or transit permits^ and also regnlate sanitary 
inspection and ceriifirtttion. 

Ce>rnmunit*ation (and lx)lh (‘onlrae t partiiei>>) must he* 
reliable in emler to e eKinlinale ami lime the deliverv e>f 
|M)llinalors correctly, during the riglit phase e>f fliiwering 
ami so as not to conflict with pe*sticiele applicatiems. 

^1) Rt^svarvh. 

Ne*ctar se*cretion highly elepends on environmental 
fae*lors anel soil e*oiulitions. Heeause flower 
attractiveness is so important for pollination 
siu’cess. anel sim*e the attractiveness de*peneis on the 
amount of neclaror |M>llen made availahh*. [xillinatimi 
success slnmgly depends on soil conelitions and 
weather prior to and eluring flowering. Thus local 
conditions may he sufficiently different that the 
researe'h re*sults fremi one are*a may not he* applie*ahle 
to another, bocal |Mipulations of pollinators, lexi. ma\ 
he* sulTiciently different to change* e*e)mparati\e re*sults 
on pollination of open-pollinated flowers. In other 
words, where uddilie)iial |M>lliiialors in one area increase 
proeluction, in other areas the natural pollinator 
pejpulation may Ih* large enough to achieve the same 
proeluction leve*l without pollinator managc'inent. in 
summan., elifleremt c rop varietie*s. or even the same 
ones, should he le*ste*d utider lex al ceindiliems and with 
different pollinators to determine altracli\eiu*ss and 
poilinatiem (se*e Section 2.3). 

W ilh a fe*w exemptions little* is rt*ally known alxxit mm- 
Apis pe>llinateu's in lre)pieai climates, and less about 
wild pe)llinator populations or their manag(*menl and 
elTee*ti\em*ss in agric ultural settings. Many possibilities 
remain for research, and many new practical 
appliealioiis may he the result. Pollinulion using 
hom*ylK*e*s. among the ra<*es of Apis mellifera and lo 
an incivasing extent Apis cerana. is still the e*asie*st 
and ejuickest solutiein when the crop in question d<H*s 
not demand the use of other pollinators. 


file life history and behaviour of many l)ee species 
and other |x>ssihh* txdlinators has to he studied hx^ally* 
as is inc’re'asingly done in inan\ countries. Ace*ording 
to their heliavimir some s|M‘cies can he selected for 
studie*s on their manage*ahilily. |>ossihilities l<» increase 
their pi>pulations cind their suitability for the various 
ci-ops. Management skills will have to he suitable for 
the local farming communities or he t*conomieally 
feasible for spe*cialisls. 

Simultaneously, research anel application trials of 
different cultivation methods need to lx* conducted. 
Better choice e»f crops, including more traditional, 
indigenous spe*e ies and \arie*tit's is im()ortant. In 
additiem. cidtiNatiori metheMls that are less toxic and 
destrucli\e, and whie*li actually im[)rove or at least 
maintain soil quality, would result in benefits far 
excee*ding the pnwision of extra tM)llinate»rs. 

This kind e»f research is likely to re*e*eive growing 
attention and funding. sin<*e it not onlv improves foexl 
pnHiuction. hut also the quality of feHxl and f*iivinmment. 
W ith these anticipated c hanges, we should not lose 
sight of |X)lliiiator populations and their maintenance. 
Supporting U*chnology for pollinator management is 
underdevelo|x*d and research is essential. 

4) Training^ sidiis 
and iochnlcai asssistaturo^ 

Beekc*epingw ith honeylx*es. contraiy to the* lx*liefof many 
— laymen, politicians. agri(*ultural officers and 
development |ilaiiners alike* — cannot lx* **leamed in a 
da\“. For lx*ekc*eping to lx* ccfst-efllcierit and applicable 
to migratory t>ractices. or adectuate for the manageinent 
of (x)pulation sizes lectuired forcn>p jmllination. yc*ars of 
training aixl exjx'rience an* iu*«*ded. \X hili* nuuiv c*ountric*s 
now have trainc*d and often also c*xtx*rien(‘ed U*ekeeping 
technicians, beekeeping practices in most village 
emironments an* not at the iM*c‘deel levels. 'Hiis may lx* 
due toec|uit>ment choices, numlx*rs of c'olonies managed 
or the management skills. 

lb im|mwc* tlx* situation, moiv inU*nsivc* lechnic*al assistance* 
is n*cjuiivd. Due to the t*conomical difficulti(*s in most 
tmpical conntric*s it is, however, exactly this tec*hnicul 
assistancH* that is most lacking. Fven ifsuffu'ic'nt tiumlx*rs 
of technicians are availal)le. llx*y aiv eitlic*r without trans|Kirt 
to get to the villages, do not rec*eive travel allowanc*es for 
tlu*ir «*xtra exfx*nses. ait* ovc*rloadc*d with other extension 
it*s|Kmsibililic*s. lack prac'tical training and extx*rienc*c*. 
or any c’ombination of the alxnc*. In addition. Ix*ekeeping 
tmxlucts have lo find an attractive and n*liahle nuirket to 
c*ntice farmers to inv(*st lime* and monc*y in more* c'ostly 
management and c‘(|ui()menl. The manageinent of non- 
Apis |x)llinators will rec|uire c*omplelely new skills that are 
not traditionally |)racticc*d. exc’c*pl in a few instancc*s w ith 
tlx* kc*c*pingof melifxmine lx*<*s (Sec*tion 2.S.3). 'Hiis lack 
of tradition, on theothc*r hand, can make the intnMluction 
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ol’ncu skills mwr. But iik)sI oI nil il\>ill iv(|iiiivsjK'< ialiw‘(l 
s4>r\ ire and Irainin^. 

piior to inlnxiurin^rit>|)s that rtx|iiin‘ |x»llinali<Hi 
sm irt^. iH>l only an tx'ononiH* (rasihililv sliuK is nxiuinxL 
Bill also a n*alislir siinry of tlir |M)ssil)ililirs to transfer 
the re<juire»l skills; lx* this for (ramr-hi\e lM‘ekeepin«, 
nianajjeineril of other pollinator s[)eries, <»r different 
riillivalion tnelliiKls. Mfist of all. it uill take stnioiis lon^- 
lenii rornniitnieiil at varituis levels. 

5) £<*f»iioittk* U^asibitUff, 

Inrn‘iLS4*d prrKliuiion or the hiplier (|uality of a c rop must 
justifv the additional e\|x‘nM' for|M)llination .sc^rviet's. I1u‘ 
additional (*ost flist has to lx* delennined. Tlie f<»ll(miii^ 
have to lx* included: 

• cost of improved crop ritftivation provtires 
(merhanizfttion. fertiliz4‘rs. pealieitivs. etv.) 

• fame hive heekeepiti^ or management of other 
pollinators 

• alternative plantinfg schemes 

• e.v/rfi tninspoii retpiirements 

• costs to soi'iety or fstneniment for skills acquisition, 
technical assistance, and research into local 
re(pnn*ments 

Alternative improvements always merit consideration, 
such cis soil lertility. varietal selection, imgation. pest 
<lama^e. and jx)sl haiTesl loss4*s. Iliese a!t«*malives may 
lx* Ic!ss ex|x*nsive to inipixA t*. aiul mav hrin}! larger lx*iK*fils 
than impnntnl |M)llinati(m. An in-depth feasiliility studv 
is needed to establish tiu* vu'i^ht of tlu'se factors and 
priorities. 

A<kH|uale cultivation practico iux* »>seiitial with (‘nhanct*d 
|X)llination. jrthenvise the puNliiction incmasi* is sacririeeHl. 
(Plants that aiv star\<*d formitrienlsd<i not pnxluce mon* 
se<*ds and fmil iifter nn eiviiig Ix'tler {N>llinalor servici*). 
11iis. toc». mav mean higher inv<*stments liv the fanner and 
more chemical im|xa1s, unless (‘uitivalion rnetlmds are 
changed. The c<»st to sm iety consec|uently increiises. 
11ie higher investment in lx*<*k<*<*ping«*(|uipmenl will have 
to lx* juslifitHl by additional iiiconx* fn>m fxxllination fe«*s. 
and secondarily fn)m higher Ikjiicv yit*ld>. ()th«*nvisi‘. Ii*ss 
costly U*<*kecping nM‘th(xls an* iisuallv mon* adcijiiatt* for 
l(M*al lx*<*kt»eping coii<lilions. 

lnv(*stment <*apital is an im|X)rtant iimitalion. It is unlikely 
that the lx*ekee|x*r has the rc(juin*d funds. Bank cn*dits 
an* usuallv ver> e\|x*nsive and dinicnlt to «>btain. Banks 
in general are not willing to accept lx*ektvpingr*<jnipmeiit 
as (‘ollaleral and thus are unwilling to finaiK e lx*ekee|x*ts. 
unk*ss the lxx*kec|x*r can ofier staixLuxl <*ollat(*ral pm|x*r!v. 
Kven with sunicieiit finances available, the «*slablishmenl 
of Ixvk4*t*ping o(X‘rationsca|Xibl(*orpmviding<*(»nsiderabl(* 
iuimlx*rs of Ix'c ( oloiiies wilt take time and at lx*s| a lew 
S4*asons with higlilv e\|X‘rieiM*e<l lx*ekec|x*isaiMl nu«iagei>i. 


(ams<*<|uenlly there is a dilTicull gap to bridge. ( )n the one 
hand. impn)vement o{ lx*<*kt‘t*ping niatenal ami tei hniqiK*s 
an* st‘ldom justilletl for honev pitHluclion alone. On the 
ollu*r hand. |x»llinatM)n of (*n)ps is not feasible until this 
more expensive tv|x* (»f beekeefiing is wi<lelv pi-ac|is«*d 
and cultivation pra<*tices are adecpiate. It will lx* verv 
diiricult aixl uix’conomieal to inlnxluce cr(»[)s n*(|uiriitg 
pollination unh*ss tln*y (‘an. fnmi tlu* beginning, bt* 
grown profitablv without ptdlinalion serv i(*e (until 
lM*eke<*|x*|-s and groweis havf* learned and have pul 
into practice tin* mutual lH*nefils). 

rh(* ()ros|x*cts for managing non- l/M.v jx>llinalors ap|x*ar 
to lx* (*v(*n l(*ss promising lM*caiise of lh(*ir mon* limited 
use. However, it is exactly their higher degree of 
s|H*ciali/alion or adaptation to more exlivme conditions 
that mak(*s tlu*m valuable. Mon* s|x*cializt*d skills will 
be necessan for their management. The latter again 
incn*as(*s llu*ov(*rall cost, but the s|x*(‘ial ap|»lications mav 
n*nd(*r this pmfitable. not onlv in an et‘onomi(* senst*. but 
also for the choice ol cn)p. 

To summarize. st*vercd ((ueslmns must lx* askt*d: 

• -ire there other crops or varieties that produce 
slifditly haver yiehls. hat n ilh less investment 4ual 
poUinatitm retpiirements? 

• is the neiv crop ivorth the extra costs of 
additional trainitifi, technical assistance anti 
research? 

• Is the cost, particularly the 'hitlden* or 
‘secondary cost" of traininfs. research, and so forth, 
not better spent on improviiifr environmental 
condithms (Sectiim 1,6)? 

rh<* mark(*t must n*cognize im))n)V(*d quality of the (*nips 
w ith higher price's, or storage losses must lx* com|M*nsal(*d. 
it also follows that (‘onsiimi'r demand must lx* equal to 
llu* incn*as(*d pmdiK'tion. 

If these conditions tire not met, all the additional 
costs are not economically sound and cannot he 
recommended. 

S) .Social accc|jlaiic<*« 

f or m*w melluxls to lx* put into practice*, the* {x*opl(* who 
are sup{x»se*d to use them will have* to accept the*m. W ill 
a lx*e*kee*per want to move his be*es or hin* them out? 
More impeertanl. will a farmer be willing to pay for 
|M)llinatioii S4*rvice*sy l)ex*s the one trust the othe*r to comply 
with a contrad or agn*emeniy In s<‘ve*ral countrie*s it has 
taken a long lime* to e’onvince fanners that hiring the 
additional serv ice lor special crops is very much 
worthwhile. In a l.atin Am<*rican counln where I have* 
worke'd it lexik se*ve*ral v<*ars all(*r the* intrexiue'tion of 
sunfloweis as a ciop until farrncis acluallv wen* willing 
to pav for hone*vlx*e eolonies in their fiehls. Initially. 
Ix*eke*epers were content to have lhe*ire'olonie*s in eir ne*ar 
simllow«*r fields Iwcaiise of the high honey yields. Litger 
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iiiinil)ers of I'olonies in sunflowers fiowe\ er. as neeessar) 
for im reased seed produelion. led to lower honey 
[>nKlii(‘lion |KM' hive. lo satisfy l)oth sidt*s. tin* <'one<‘|)t of 
paying for pollination ser\i(‘es slowly evolved. It is 
a()|)arently difrieult to eonvinee fanners that the naturally 
ay ailal)le pollinator>^ or those of the feyv l»eekee|)ers nearlw 
an* not enough to inen*as<‘ se<’il or fiiiit yi<*lds significantly. 

fJiirirotimeiifcif fiiipcictf 

Mani{Hilalingany iHipiilatinn of plant, insect or <»lher animal 
yvill ha\e s<»ine impact on the environineiit. Increasing 
honeyhee populations yvill displace natiye nectar and 
|«illen f<i*«ling inwcis to other fhiwering s|K*cies. which 
may tlisplac'e other sfieeies again, and su on. nu* same 
should lie true foragridillural systems that have sustained 
laige human disturlmnces. I.ack of natural |>ollinaloi> in 
such (*in'umstaiu'(‘s is primarily due to the negative imfiai l 
of laige moiXM'ullun's. Adding |K»llinators to such a system 
sliould lead loan impmyt*mt*nl ofem imnint'iitai (‘otKiilions. 
In lionler environments near natural forests the 
displacement effect, outlined aUive. may be minimal 
l>ecause the depth of such an effetl is likely very limited. 
In contrast, small plantation or hedge communities 
might show a largt* elfect. 

"Ilie genend fact that Ijees or other |)ollinalons are lieneficitd 
h) the envinmment may l>e correct, but the assum))tion 
that. ther(*fore. the inInMiuction of additional |M)ilinaloi's 
is aluays beneficial, is not jiislific*d. In areas where 
manipulated pcdlinalors are native, increasing (heir 
(N>|Hilalioris w ill pmUdilv have IcH'al and lem(M)rary edecls. 
For exotic s|)ei ies. llie im|xid iiuiy range fnmi displacement 
of l(M-al .s|)e< ies at resourc es lo their extiiu ticMi in certain 
habitats, or favoring (he spread of c-ertain plants (inc'luding 
wecxls. sc*e .Section 1. 1). or of disc*as<*s. 

ImpmvcMi habitat diversity, which [iromoles cr<*alion of 
niimemiis micmhabitals such as hc'dgesand planted forest 
iwtches, seems to have the least negative im|»acl. This and 
less destructive cultivation practices generally impnne 
habitat conditions and eventually should contrilnile to 
higher pnKlucticMi for all c n>ps — whetht*r tlic*y are (hose 
ri*(|uiring pollination, or the majority, which do not. 

In this chapter 1 tried to |Mnnt to some of (he essential 
rt*({uiiemenls for impniving cmp yield and (|ualily (hmugh 
[xillinalion. Hie l>asic mc*chanisms and nH|uiivments an* 
known and have U'cn tc'sted uiuIct various conditions. 
W hat is iH»l kiKiwn aix* the imliv idual f;K‘ts fcM'cac h country. 
In industiicdi/ed c*ountrit*s tlx* Ixisje infiuslriH lun*. iiK-luding 
lM*ekee[jers. is already present. It Inis Ixvn built over the 
la.st century or more. However. I»eekeej>ers have l>ecome 
essential for agriiailUiral jircKluction cHily nxenllv. as a 
eonsecjueiu eol incieascHl envimnmental degnidatioii and 
Iargc*r mnncK'ultun*s. (ln*ating siudi an infrastnieUm* in a 


short [)ericKl is diHu ult and exf>eiisive. Preventing the 
neeessily through environmental conservation and 
smal!-sc*ale. less destruc tive fanning, better planning, 
logical c hc»ice of cn>|)s and other practices outlined idxiy e 
is less ex|)eiisive and nicMe praciical — Im>iIi in the short 
and long tenn. 
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f:i IM ITfVf.* POf JJVtTORS 

Tlir farlors «*(T»rtiv<iics> or|M)IIinators[MTir> 

imisl l)eron>i(!twl wIihi |M)|lituilioii j>( iii\\ phiiH is studunl. 
Kl<mrr slmcliin* ptt)\i<l«‘s llu* (ranunvork in whic'li Inolir 
and al)io(i(* {Killinalion a^rnls o)x‘ral<‘ and givrs initial 
(dues to the likely elTeclive polliiialin^ a^enl». R\ 
llieniselvt^s. these eoiisiderdti(m*i an* not enough: studies 
of \isilor lH*haviour and critical field assays are 
essential, as emphasized elseulien* in this manual an«l 
pailiculaiiy in Sections 2.3 and 2. 1.. Stiulies should als«> 
r(K'Us on a\ ailahiiity of the {xdlinaliii^ agents to detennine 
the most iin{N»i1anl and maiiitf'caltlc s|iccies in the juuticulaj' 
habitat and cin imisiances. 

2m2*l i^arantot^rs 

for jtfoaffiiHitci f*offiii«fioii 

niciv an* sexeral mcasiin*nienls. IkMIi direct and indin*ct. 
that can Ik* taken to ass<*ss |M>llination. Ilmv4*vcr. lh(*sc 
measureiiienls difler p:reall\ in their <leperHlahilil\ as 
indic(‘sof |)ollination. Pailicularly in the iwst. fmit ors<vd 
\ ields te.^., weights, niiriilKTs. size) ha\c l«*cn empluLsi/cd. 
I nioilunalely. lht*se can Ih* |>oor estimators ol [M)llinalioii 
— lor several reasons, f irst i»f all. fruit protluclioii. a 
iiK'asiin* of (1ow<*r (cililization. (*an only lx* an indir<*cl 
ineasuiv of |Killinalion or iIk* placement <»l f)ollcn grains 
on the stigma (Kig. Ih). Tlie prohleni with <'oimliiig fruits 
is that the iinesligalor is at the mercy of plwU-matermit 
influences that iK’curafter |M)llinalion. That is, |Mi)lination 
can he grossly underestimated in plants that urnlergo 
alMirtion 4>f developing fruits. Such is the case when 
n*lativ4*ly low nutriti\<* n*s4iuir(*s an* axailahleto tin* plant 
(see Secthm I .()). \ 114 I theiefon*. e\4*n though |H>Ilination 
did 4M*cur. it is not represeiite4l hy tlie Iruit. Xmillmr 
hindranc e todc'tc'nnining )K>liination from fmit yields Ccin 
(Kfur in plant s|M*ci4*s having Iciw oMjl4*iiumliers jxT (lower 
ndative to tin* iuiinlK*rof )N)]|(*n gmins plac'cd on the >tigma. 
In such 4-a-ses. the [Milential nunilM*ro( oxides that (*ould 
have l)cen fertilized will iie\4*r lx* known fmm fruit counts, 
and Ii4*nc4‘ |M>llination will again Ih* und(‘n*stiinatcd. V*t 
another pmhiem is that some plant s|N*4'ies 4 an dexc'lop 
fmit parthen<Kai]»ically (Sectiem 2..3.IO. Ap|N*iidi\ I), 
in the (*omplct4‘ ahs4‘n4-(* of pollination. In this 4'as4*. 
|Miilination would hemereslimat(*d. il it wa.*' measuivd h\ 
fmit counts. It is also im|M)rtanl to detennine whether a 
plant s|>ecies is sel(-('om)uitihle or not. /em fniil (*ounls 
may not truly indicate lack of pollination, when 
in(*ompatihilitx sxsiems are pivsi'iit. \nd as stal4*4l 
elsew here. I(X)7( fmit sclfnnn fJnnxTsfrrtHized is r.Mrrmrfy 
rare. (*X4*n in optimum conditions. A ima li more* direci 
mc'tluKl t4) ({uantify pollination is to a4-tuallN 4-ounl tin* 
pollen grains placed on tin* stigma, hhis cun he 
ac‘complislie<l hx xarious melhiMls. the suilahililx of which 
dejiends largelx on flower size and morphologx «if the 
stigma and |)oIl4*n. One inelh(Hl (see lh‘attie) inxolves 
the mounting 4if tin* up|K*r |kii1 4>1 tin* pistil (gyiUN'cium) 
in acid hu'hsin/gelatin on mi(*roscopc slid(*s in tin* flchl. 
and then (*ounting iMilhm grains witli the* light micms4‘o|K* 


t . a) >h!\t <>| branrla-ii IhhIv tuiiis oi mt’llijeru •.lumitig 
IihI>i*iI pain nl Uosihh'Uiti nit tmu: li) '-KM «tf ilw *.tipiu of 

liuissini luifHts. '■Iimsiti}! mmii'iiHi'. papitlar .md wNcr.i] |M»tlrn 
paiii": c) 1 li^u*r iiia^iiinriiiioii ■>-liouii)>' j |ki1!«-ii p-.iiii jii'-l 
p'oiiiiuilii)}: a iuIm* lamm i: '.lipnalir l|>.il 
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to moa^iiri* |)ollinuti(m (linM:'tlv and 
act'iiiutoly (stv l)a\is). Kacli vial>lo 
pollen ^rain properly placed on a 
imrplive of llie sarm* s|H*cies 

NiMidsdownoni* |)ollen luU'. lodt‘li\er 
tin* s|M*nn-rell nuclei nec«*ssar\ for 
fertilization to m*ciir. I\»llen lul>es 
within the center of the style are 
n‘lalively pnrtt*< led.and therefore are 
iu»t rieady as sus< eptihle to loss fn)in 
the style as ]M>llen pains niiplit U* fnHii 
the stipna during tissue pnic*essin|;. 


The lechni(|ue can still he useful 
for assessing pollination of many 
inconipalihle species, hut prior 
experimentation is necessary to 
detemiine if (Killen tiilx^ fnmi self- 
pollen can reach the style base, or 
whetluT iiistea<l the gn)Wlh of these 
p<dlen tubes is iiihihiled in the 
iip|)er style «)r c»n ilk* stigma 


f ig. 2. u) SIOM of '>ligiiui of Evhium ftUsnUi^ncum >till in u pliaM' iinnf«'|>li\<' to |M»lliiuilioit. 
tlu* stigiimlir itupillue liast* t)ol \<*l •>«'|iuraU‘(l: lit High magnilicatioti of x’\cra) |Millrii giain> 
f|ig| lodgni ]>.ipiilao (|hit of n*r<*|>lio* slignm; |Miilrn (iiIm' lam»u) «>f a 

gcniiinatotl |k>)](*ii grain lia> |w'iio|i;i(r(l sltgmalir lissii'*: «•) niion'M i'iii-o mirn»gra|>li of 
|)olli'ii IuIm*> ill Miiiadiini v|\|r of Hrhinm, altor >(aiiiiiig uitli aiiiliiK* htm*: not (hat |Hith*n 
luiK*-> lia\t* ili^tinrl 4)(‘|Mt>it> of rallox* along llu*ir loiiglh 


wlii*n hack at the lahoratoi’). (Vrtain s)N‘<‘ies ma\ have 
arrangi'incnls of ^lignullic ;uipiilae. or copious quanlities 
of xligmalic »*\udalc. which make this practice difficult. 
There is aUo a < hanee of eounling pollen grains on 
the stipna not belonging to the s|k*eies represenletl by 
the pistil. Also, it mu) not he possible to ohsenc the 
entire stigma. wh(*n mounted on a miei'oMMipe slide. 
Scanning eloelmn mieniseop\ rna\ Ik* heliifiil to \i>iialize 
the entire stigmatie surface, and may e\eti allow a 
tnie asM*ssmen! of |Millen-grain germination and [Mtllen- 
tuhe growth iKig. le. 2h|. hut it in\oKes a inort* 
e\p« n!Hi\e ami linu‘-ioiiMiming pr^H•e^s. 


llieiv are varitgis |eehni<jik*s usetl for 
]io|]en-tiil>edeteeli(Hi in tlie style. TIte 
most (Muninon one invtdves the 
fluorescence of eallose. a major 
(■(Miiponent ol jiolk'n tul)es. iifier stiiining 
of styles wilfi a flm>nK hnniie eallerl 
aniline blue. One pn>ee<luje follows: 
1 1 Fix styles in tlu* field in se|umite, 
lalu'lled vials containing 1:3 aeeli<* 
acid: elltanol. forultout 4 ft. Itefore 
replacing the fixative with 70 ^/( 
eihaiKil.iri the laUtralorv. 

2) Soften the styles in 10^ NaSO^ 
(.'MX liut n sulphite) or other stn >rig Ixise. 
for se\ eral hours, at 60"C in an oven. 

3) hnnierse the styles in 0. 19^ aniline 
blue in 0. IM K^PO.j.. overnight. 

4) Keinove the styles, mount in a fln»p 
of aniline blue on a mien>seo[K‘ slide, 
aiul geniK s4|UiLsh inuler a eoverslip. 

.3) F.xarniiie the style liases for pollen tidies (Fig. 2e) 
using a nuore>eenee mieniseope with exciter filler of 
450-f00 nm. Callose stains yellow-green. Ooiint the 
ruimlK*rof (Killen lulu^s. Although an exeelle*nl teelmujue 
forfKillen-tulie delei lion. the nec*essity of a fluort^sr enee 
microscope may limit th<* usefulness of this 
leehni(|ue. Then* are other methods. re(|uiring only the 
onlinar) light mierostope. for staining fMiilen tubes at 
the style lia*><*. which may lu* helpful (sex* Sn'lion 1.1.3). 

2J£J£ . of Floifvr %i«ilorjr 
ax Poiiinators 


(ioiiMlingof |M)llen tulM*> at thcMvIe Iulst (Fig. 2<-) in plant 
s|M‘<'i(>> that aie s(‘]l-<'om|Kitihle is anotlu*!' l4‘ehni<|iie iim'IuI 


\erv iis(*liil iiilonnation alMiut |K»llination can lie obtained 
fmm e\|M*rimenls that exelmie visit^ii's (o flowers <if the 


102 


Copyrighted material 



plant umlpr imi'r^tigution. lypicully. piw(*ntion 

of flora I \ isitation \vd^ iM'rn u(‘hu‘\c<l in ihr liold In ha^ng 
or caging. Tills practice senes as a \alual>le contn)l, of 
coin's**, to <l<‘tt*nnine fiisl of all nht*tlu*r insiH'Is (»r otlu‘r 
vectors aiv <*ven n*qiiinMl for |M»llination. Mesh Iwgs can 
lie easily sewn In hand or inaHiine. and often an* tnatlc 
fnnii curtain lining, (‘lieeseclolh, hiidal veiling, or otlu*r 
|M>n>us materia]. \\ hat can U* of iitrimsl ini|MMlance. of 
course, is the mesh size of the matt*rial used, and this 
can give sonit* verv useful infoniiation. Kor instance, in 
a siudy of Hi'hium plantftf'ineiim in Australia, although 
huge insei ls were excluded, it was found that adult thrifts 
could travei>>e the bagging material used, and the low 
levels of |M»llination in**masculat4Hl. hagge*! {loweisof this 
s|M*<‘ies. ha.s iM'en attrihuled U> lh(*ir activity (set* Davis). 

Emasrulaliftn. if it can he p**rlormed. is a ver\ nice 
technique when used in conjuiu tion with bagging 
exfM*riments. because any pollination of emasculateil 
flowers must (x-cur by intnxiuction of |x)ll<‘n fnHn<*ls4*wheiv. 
The availability of this le<‘hni<)ue de]>ends much <»n the 
floral moqihologv. In addition, anther or stamen removal 
slundd Im* coiiducletl with extivtiM*care. in onler to pivvt*nl 
s**lfmg during tlu* pixM'ess. How4*v(*r. if availabh*. it allows 
tiu* investigator to get a ((iianlilativ** handh*on how miK'h 
|)ollen foreign to that flower tlu* ins«*cl s|u*cies *\* can 
intrcKluce fnmi its bmly during each visit. This is ven. 
|>erlinent inf(»niiation fnmi the standpoint of assessing 
preilominant |M)llinators. and als«» with the long-tenn ho|>e 
of managing and cultivating these particularly useful 
species. Kmasculated. virgin dowel's that are bagged 



and belong to plant s|)ecies |M)IIinate<l by airiKtme grains 
an* also **asily assess***! for *>utcrossing by abiotic means. 

Simph* I Mgging e\|x*rim«*nts to |iennanenlly exclude dovv**r 

V isitors are useful to deteniiine the need for biotic agents 
<if |M)llination (.Stx lion 2.3.10). Hovv**ver. then* an* i*vi*n 
more intricate things that can be done with bagging 
e\|)eriments. which further disclose valuable infoniiation. 
11u*se uncomplicated, additional stejis are essential to 
d**t*“nnint‘ w iiich ins**< ts. etc., an* n*sjxmsible for the lion’s 
shan* of th(* [lollinalion of that cnqi in that region. For 
instance, the [mn eilure of allow ing sinfile visits to rirpin 
flowers alhiws thedixrimination of actual |K»IIinatois fmm 
men* (1ow**r v isitois. and also gives tlu* |x>werful advantage 
of milking various iiLse<'l s|m*<'u*s ucconling to their efficacv 
as |M>llinatoi's of the **mp in *|uestion. Hie pUK eilure is 
outlined in Fig. 3. \irgin flowers are those blossoms 
initially l>aggt*<l iis uno}x*ne*l. matun* Inids. to exclude any 

V isitors. *nu*n. alter tlu* IhuLs hav e o|M*iu*d within tlu* liags. 
tiu'v an* can*fullv unlxigged. lalx'lletl and then continuoiislv 
waUheil for the first insect visitor to them. As scxin iis that 
initial v isitor de|)arts. the flower is carefully reixigged. as 
it Slavs for the ivst ofils flowering lifetime. Forcimiparison. 
<itlu*r flow»*is an* Iwgg***! for their <*nlin* lifetime, or lxigg**d 
only at night or only <luring the day or l«*ft |>ennanently 
(•|)en to multiple v isits. After the necessary, [ireiletemiinetl 
lime |>eri(Kl for [Killen lubes to reach the style l>ase has 
elapse**!, styles ai'e harvoled and pnK*esse*l for |iollen* 
IuIm* counts (see alMive). 

Ins(*(i visitoi's must Ih* iil(*nliried. and this may involve 
< ai>luree)f the insect u|x)n *lefxirtuicfn)in the viigin flower, 
and its sul)se<|uenl identification by a s[u*cialisl. if iu***<l 
lx* (se*** 1.1.3). A Is* I, by n*conling charact**rislics such 
as what the ins**e t was set*king ([Millen. nectar. Ixith. or 
ollu*r?). Imw long the visit lasteel. *ir whether the insect 
carrieel fxilleii hiads *iuring these single visits allows the 
investigator to biiihl an even stronger picture of the 
[lollination story. I he nietlio*! even allows on** to 
tliscriminate |x>llination (‘fllcacy w ithiii an ins4**'t s|mh-u*s: 
(|in***n vs. w*M*k«*r. male* vs. female*. Another a*lvanlage is 
that einee an *le*tennine heiw many visits by ins«*| sjiecies 
*)ii average, are necessary to achieve a*le*|uale 
(M>llinalion of the emp sjiecies in (|ueslion. 

Hanmarks 

of — PoiHnttior iHsm^mtums 

F*)r wind. bat. binl and to semie extent large bee- 
|M)llinate**l flowers, the* cfincepl that fl*»wers have mark**«l 
features asseicialeel with their major pollinators has 
some utility. Heiwever. less efficient pollinators als*> 
visit flowers lietter suite*! to other animals. \ery difleivnt 
kinds of pollinators and flower v isitors do in fact 
*K‘cur at e*ae h s|M*t*ie*s of flowering plant. For instance. 
bumblelM*e*s anel * arpeiiler bees use so-e*al!e*l ‘bin! 
flowers’, and long-longue*<l bumbleb<*e*s use lleiwei's 
suiteil to butt<‘rilies. In either cases a mixture of wind 
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and {M>llinalion may (K'cur. Flowers |>olliiiated 

l)v a jaiild ofwenemlisl ins4x l |)ollinaiors like h(nieyl)ees. 
sliiijiless In-es ami flies, have less predietalde iealures. 
Kveii so, I inhelliferae flowers, for example, have a 
eliaraeterislic lii^h eoiieerilRilion of fly and short-lon^ieil 
l)ees. eoni|)ar<Ml lo legume or |Kissioii fruit lloweis. Subtle 
floral features, such as ehemieal eomposition of 
|H>llen and nectar (Section 2.‘1). may have signiricant 
inlluenee on (lower-visiting animals. 

A niimlKM'(»f floral trails art* ass(K‘iated with eeilain visitor 
ly|)es,or'[x>llination syiulnHTH*s* (see Figiiiv). Hoiul j<*atures 
that can strongly indicate dominant pollinators (»r 
mechanisms are as follows: 

• Hind Flowers are inconspicuous, often green 
(»r while, and with little or no aroma and no net'tar. 
The fitnvers have a high pollen-lo-o\ ule ralith Pt»llen 
is abundant, light and dr\. lacking ptdienkill. The 
nudlibranched stigma and mass-flowering suit both 
wind tiispersal and collection by some insect — 
grasses. Casuarina^ and Rlama^if are examples. 
Honeybees, slitigless bees and bumblebees 
asitlly collect pollen frtun crops like maize and 
weeds like l^lanlago. (^>lleclion td many grass 
ptdiens is ctmimon in tin* tropics, particularly for 
halictids. tneliponines and honeybees. 

• Rais Flowers open at dusk or night and have a 
sln»ng, musty snwil. Hie flowxMs an* g(*nemlly l^uge. thuigle 
on long hanging stalks, or an* arrangt*tl as pincushion or 
pagtMia sinictures. with laige'inoutlu*d flowers or s|n>ng 
Imish innorescences. Pollen grains are often gemmate (K. 
I’alaim»s. |k*i's. comm, to I). Koubik). Floweni an* usually 
whitish. cn*amy. drab gn*enish. itr purjde and ran*ly pink, 
with large f|uanlities of iie<iar that (*an l»e dilute (10-30 
Vf sugar) and |M)lh*n. Kxamples an* some Iwnanas ( Milso) 
and Agore s}*vk?< 

• floths Flowers have a hea\>. sweet |>erfume and 
ofM*n at night, often closing by the next day. The flowem 
an* honzontal or |M*ndant. white or faint colours, or drab 
red. \e*ctarisde«*ply hidd<*n in long. nant)W tulx*sors|Hirs. 

• Kirtis Flowers open during the day and lack a 
scent. Flowers are deep, tubular or spurred, w ith hani 
walls, stiff unit filaments and a well-protected ovar> 
— s(nne examples are Malvaceae. Acanthaceae. 
Ilelioniaceae. Myrtaceae and some Kubiaceae. Biush 
flow(*rs. e.g. Eucalyptus, gidU*l or legume llowei's. e.g. 
fireluish Erythrina can be |>ollinated by binis. Flowers 
are often scarlet or contrasting bright ( olotirs and a 
lip or margin is absent or curved back. Nectar 
guides may be <*onspiciious or absent but nectar is 
abundant and well protected. 

• and varp^ui^r 

Flow«*rs are open during the day and give a fresh but 


generally not a strong smell. Some pollen producing 
flowers may smell more strongly (roses, poppies). 
Gullet {hupatietu), smaller tube {Fuchsia. Digitalis) 
legume, bowl (Hosaceae, Malvaceae) and even large 
pendulous flowers {Actinidia. Passiflora. Solanaceae) 
seem prefened. Flow ers often are pollen-only species. 
la(*king nectar and nectaries. Flowers are arranged on 
a c'onspicuous rounded flowerhead or spike, so the 
flowers are riK^re readily seen at a distanc e {Digitalis. 
Echium). A nectar guide is usually present. Nectar 
of over 309^ sugar is preferred. Nectar is hidden at 
least 1-10 mm within the flower at times in a narrow 
lube. Fhwvers with structural depth and an uneven 
outline are preferred (e.g l^iniaceae. S< rophulariaceae. 
legumes), at times the flowers have a ‘resting platfonn* 
for visitors. (Colors are lively blue to yellow, pink or 
w hite*, but not an inconspicuous green. Nectar guides, 
which strongly reflec t light in the ultravic»let end of 
the visible speclruni. are much less conspicuous lo 
humans than lo the bees. 

• Honeybees and shoridtmgued bees 

Similar to the larger lx*es just dt*scril)ed. but with less 
tendency to seek an unc'ven flowc*r outline*. Flowers w ith 
con.spi(*uous spikes, and smaller flowers w ith shoiler Iu1k*s 
or gn*<‘n c(»lor. and without much |M‘tal are satisfactorv. 
11ie* niund llcjwerlieads of Acocm and Mimosa often are 
attrac tive to smaller Irees. 

• and liatrAfiiioflix Flowers 
are open either during day or night and have a weak, 
agreeable smell. Flowers present a long, narnm tuln* 
or spur, ample nectar, an undissecled rim with 
vivid red or purple colors and a simple nectar 
guide or gremve. Huddliea daridii and Ijintana 
illustrate the type of flower, but other Ruddleia sj>f»cies 
are aimmg the flowers favored by liumblebees. 
Honeysuckle partially fits the* criteria for bultc*rfly 
flcjwers, but is amcuig the preferred flowers for 
long-tongued bunddebees. 

• PIlPX* H*aX|M L nsjKvialized flies and wasps can 
Im* pn>min<*nl visitors of flowers with a plallbrm and regidar. 
simple* flow(*is without much dc*pth and light, dull c'olmirs 
— Cissus (Vitac*c*ae). uml>c*llifers. ivy {Hedera). holly {/lex) 
and some golden rcxls {Sididagit). Other flies with long, 
thin tongues such us some Bombyliidae and (^mopidae 
tend to act like small bumblel>ees err bulleiflies. often 
visiting (.auraceae. (a)m|Misitae. and some Kubiaceae. 

• Keetiesn some fUes Some flies (e.g. 
Sarc’ophagidae. Calliphoridae, Drosophilidae) and 
beetles (e.g. Staphvlinidae. Sc arabaeinae, Nilidulidae) 
are attracted to carrion or fermenting fruit; these 
insects lend to seek strong smelling flowers, often 
presenting the resource in a spadix and, as among 
Arac'eae. the odor is dispersed by active heat 
prcMiuction within the* inflorescencT. 
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Principal Flower Features & Corresponding Flower Visitors 



Bowl 

Bell 

Brush 

Flag 

Gullet 

Trumpet 

Tube 

Trap 

Advertise- 
tnent i-nr»iiu 
visiutl tic 
olfaclory 

corolla 

^tanK’n^ 

standard petal 

lips 

lindi & tube 

corolla 

corolla, lip 

Pollinator 
Helpers: 
iamlmg iurfuce 
ffiiitiinfi marks 
guiding striictim’.s 

flower 

mar];in 

any part 

kcfl 

lalcral petals 
1 fool hold 1 
symniclry & 
marks on 
standard 
whole flower 

lower lip 

nectar guides 

none or hairs 
whole flower 

inartiin 
nectar guides 
surface structures 

marjjin 

narrow tube 
scales, hairs 

mantin 

color & |)uttern 
hairs 

Pollen 

Cache 

partly hidden 
ccnlrali/ed 

i'vpoNcd 

bidden 

hidden 

somewhat hidden 

hidden 

hidden 

Nectar 

Cache '“r-iii/cd 


diffuse 

centntli/cd 
(if presentl 

centralized 

centralized 

centralized 


Reward 

Type: 

Pollen *** 


«- 






S'cclar 









iK-ctle. 

uiLspcciali/(‘<l 
hce, I1>. 
Lepidoptera 


bee, buticrflv, beetle, 
mammal, bird 


long'tontiiu'd btv. 
haukmoth. bird. 

I)ul(i-rn> 


ho>t-rin}> & |XTi:hin$> inolh. 
hutU-H1>. bird, 
lonji-prohoscis fl> 


Main 

Follinator 


<«horl-toni*iH'd Iwi'. 
wasp, fly. scttliiiu 
moth. bird, hat 


lon^*toiiuucd 
bee. bird 


butterfly, 
hawkmoih. bird 


carrion fly, iHH'tk. 
micnidiplcni, bee 


2.2,4 Pollinator Eflicai'tf & the Crop 

Tile <'rft'cliv(>m'ss ol a |K)lliiiulion apent deppmls on: 

I ) Frequem'n and kind 
oS Htiffmatie contact, 

Tliis can !«■ a major factor in |M>llinalion of lurpe flowers 
or flowers with nectaries on outer [larts. Some lloweis 
neeil at least It) stigmas to he contai-terl for a hei' to 
transfer enough pollen to form a full-sized Irint with 
one visit. A lew hees (liomhm. sidrgenera Homliii.'i 
and Mi'nilacihomhus) and Xylocopa or wasps 
{Rofuilidia) make a hole ora slit at the base of flowers 
of red clover, field beans and hiiu-l)i-rries, then Apis 
melli/era uses this hole. Failure to pollinate also results 
from probing thmngh the side of the flower, for example 
in cnK ifei-s or almonds, or from failure to ’trip' flowers 
such us alfulfa. This can occur consistently with 
nectar-collecting 1. me//i/er« and A. jloreit. On small 
and o|»en flowers such as I ndielliferae, Coni|)ositae 


and many of the less specialized flower families, 
stignuilic contact is achieved easily bv most v isitors. 

3) .Unount and arailaMlity 
of ptdien carried per pollinator. 

On huge and ivlativcly unsjiecializHl llowe|-s. bumblelK-cs. 
honev US'S and solilai'v Us-s can average 20-‘K).(XK) (max. 
0..O million) |>ollen grains on their body, compared to 
onlv a few on thri|)s. ( Hlier lice s[)ecies. Hylimui and other 
llylaeinae cany pollen intenially — thev ate relatively 
small and hairles.s. On kiwifniil the |Millen caiTving ability 
of llylactis. with KKt-.vtK) fKillen grains each, was similar 
to that of smaller hover flies (Syr|)hiilae). 

Sime pollinator species fre<|nently cany |)ollen on part 
of the head, claws or boily that closely contacts the 
stigma. Flower stmeture and the grooming habits of 
the pollinator usually combine to make .some pari of ibi' 
bo<ly cany |Millen available for pollination (other pollen 
is lost during gnHvming and |x>llen feeding or storage 
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ill liroiMl cells). The iniiiiher of [Millen grains that can 
make eonlaet with a slipma is usually nuieli less than 
the total earried on the hixly. 

3) (fuatitfi of pollt'ii transferred. 

Bees, honey-making wasps such as Hrmh\f;a.\tra anil 
Mi’tiariim. and inasarid wasps eolleet |Killen or nectar 
fnmi flowers to feed their lar\ae as well as themselves, 
while other insects sustain only themselves at flowers. 
Thus female Ih‘cs. needing a relatively large quantity 
of iMillen to supply their hiVHiils. are likely to visit dilTen'nt 
plants to collect the fiHal. which enhances their cmss- 
(xillinating activity far heyond that of all other flower- 
visitors including the masurid wasps. Kic(|uent iiKivement 
lietween flowers on se|>arate plants is im|Nir1ant for plants 
that need cross-pollination or that have distinct male 
and female indiv iduals. In fruit orcharils honey bees 
mainly forage along rows, which restricts their 
effectiveness in cross-pollination unless suitable 
'|Hillinixers' ate grown in lh«* sanii* n»u. \\ lu*n thrn* are 
low neclar levels, liees on red <*lo\er and fruit 
hlossonis move more often from flovNerliead (or tree) to 
flowerhead. and over larger distances between 
n(n\erhe‘a<ls. \\ ith n'latively high levels of nectar more 
flowers are visited on a flowerhead and mosements 
l)etwecn tlowerlieads are less fre(|ueiit and «ner shorter 
distances. High nectar piiMluclion will supfKjrt greater 
clensities of foraging bees, but in principle (*ross- 
pollinalion may be somewhat reduce<l. compart'd to 
crops sec reting less nectar. Differences in tliis foraging 
behaviour can be used in the field to assess whether 
limitt'd nectar is restricting the populations of bet^ on 
a (Top or eiK'ouraging (*n>ss>|>ollination. 

4) Rale* t»i HfNfvr t-uvifalMMi aiMf h^Hgth itf 
Uvarktiay\ (\ianbt^r fif 

Honeyl)ee foraging usually starts at 1()-I5°C. with a 
lower thivshold in spring than in summer. Flight activity 
rapidly increases at up to 20-2.S°. Wind alnne 10-20 
kph cuilails foraging, rhus honeylKM* High! varies more 
within the day and with tem|>erature variation than for 
many (Jlher l>ees and flies that visit flowers, \arialion in 
the average hours worked fier day has seldom been 
detennined with much rigor. 

Heinrich's 1070 text on bumblel^ees eIalM>rates on the 
energ) economics of foraging and their conset|uences on 
flow (T visitation at diflen*nt tem|)cratuies. Among different 
lx'(* s|M‘ci(‘s.difr(*r(*nces in the rate of floral visitation (e.g. 
flowers visilrtl |M*r minut(') (|uile commonly are on the 
order of 200~WX)9}^. Other fl(»wer \ isitois may l)e much 
slow(M'. lt)s(‘(*ls that walk <»n tiu' platform of Coni|)(»silae 
and I iiil)elliferae fl(»werlieads are al>le to ectMKunize greath 
on energ) expenditure. This allows them to continue 
colh'cting small amounts of n<H*tar at flowers (when mon* 
ac'tive |Millinators would shun iheml. and their small rale 
of return in cooler weather is still sufllcienl to offset the 
costs (if any) or wanning up. Hit* |>ollinating rate of visitors 


that walk on flowers may l>e onl\ XV7< that which (Kciirs 
when |)ollinators rt'adily fly iM'twcen flowers. However. 
gn*atertime s|>ent on mdivuhutl flowers, as s1m)wii recent!) 
in studies (»f flies, can great!) im[)ro\e effective |M)llination. 

.>) for crop 

or vmnp€*im€i floiccrsv. 

Concunent hliHHiis within the field oradja< ent t(»lhe cn)|i 
may cause corntielition lor |K>llinators — es[»eciall) for 
generalized }H)llinatoi> like hont*\lK*<‘s. Howe\er, under 
certain conditions these ‘competing* fhjwers (*an 
complement |K)llination. This will often l)e the ca.se for 
nectar-collecting workers, when the effective |M)llinating 
Ikm's ('olh'ct only |M>l]<‘n. .An indi\idual can colh'd 
l)o|h nectar and ))ollen on one foniging trip, or the irn|)elus 
forc(»loii) foraging is augmenUNl llm»ugh stimulus fnmi 
available food. Tliis certainly a()()lies to |)ollen-only cn»|)s. 
where flimers near the cn>p and used only for nectar 
must enhance crop (H)llination. not himh'r it through 
com()etiti(m. in addition, floweis usc'd U» suppi) critical 
nectar sources can .sup|K)rl growth or slow a decline in 
hone\l>ee colonies, which favors (*ontinuation of f)o!len 
collection for buMnl rt'aring. 

F(»r example, a four-sear trial with supplementars sugar 
feeding of U'ecolonii's l)<M)sled kiwifruit jMillen collection 
thn)Ugliout flowering, svith daily in(’n*as<*> over U) 
times th(‘ amount (»l>?^Tved Ijefoii* ftH*ding. If hives fed 
svith siigtir |H'rf(»rm (‘om)Kirably to those gisen additional, 
external nectar sources, it should be clear that some 
’comixMing' blcHmis do not detract fnmi |K>llinalorsersice 
but at'tualls augiiKml it. Henc(*sludu'sof com|x'ting blooms 
should f<H'iis mon‘ (*riticalls on th(‘ intiMisits of Utlh |M>llen 
and nectar usage by [xillinators before concluding that 
adjacent floweis are significant comtx*tilors. lliis can lx* 
done by direct obsersalion of ix>lh‘n on foraging lx*es. A 
(‘oni|)arison of the ratio of honeyliees to other lx*es on the 
cnip and adjacent flowers will allow for the alternative 
flmver soim-es to be rank(‘d acc ording to their relative 
attractiveness forth(‘ main |X)llinalors. Inststigation of the 
other |x)llen s|xx*ies piesent on Ix^es foraging on the emp 
can pnivide further esidence of what the /x>/en//u//v most 
im|x)i1ant com|x‘ting flowers an* (see also Section 2.3.2|. 

6) .lt*ail«f»ilifi| oi p€»llitialor.if. 

Honeybees are often the ('ommonest flosver visitors 
on cro[is because hives are introduced to the site for 
{Millination or are kept there lor hones pnidu<‘tion. This 
effect becomes more pronouiK'ed as the cr<»f»s 
fiecome larger, beyond 2 to .S hectares, because f(*ral 
tMijHilalions of other l>ees and insects may not forage 
throughout the field and )Kipulations an* simply not 
large enough liK'ally tocom|Kire with hones lx*es (Section 
2.1). In Ja{>an and LSA. populations of 60<( -I.(MK) 
solitarv bees/hectare (0.6-1 .0/10 m^) have Im'cii shown 
to lx* enough to pollinate a()ple. almond. bluel>erTS and 
sunflower crops with efficient pollinator species. In 
New Zealand, an estimated p<*ak population of 
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2,(KM(- l.(MM) hiimhlrlMM's/hcrlarr v^ill liillv 

pollinate red elover crops uitli .‘U)-T2 iiiillioii 
riowers/liectare (opening [)er dav. Thus hiw populations 
of alternative hee species < an serve some selected 
cnips if they areeffiimml in pollination. \ii assessnaml 
of the previous six factois alsn e should allow foi slndi«*s 
to fmais on more detailed as|M*cls of the impa« l o( a 
few pollinator species, or the use n\ mechanical 
pollinators on see<l formation or fruit firoduction. 

2.2.5 of ftoqiiuf'cf 

f*offiii(ifot* \iniilH*rjv 

Four distinct melluMis can he ust*d to assess the impact 
of a )iollinal<M <»n cn>p \ ields and the numiMTol |M>llinalors 
or hee hives needed foroplimum puHluction. Too frtr 
tKiliinators can lead to low cn>|) \ ields. delaxs in har\(*stin^ 
and }XH)ivr(|uality fniit. Too mmiy (H)llinaloi's will ivsull 
in e\c-essive |)oilinalion exfienses and o\er*in\eslmeiil 
in Im'c (n|iiipm(‘nt. High |M)pnlations will \ii1nall\ fon e 
hont'Nhees to se«‘k other HkhI sources inoi'c assiduoush 
heNond the cn»p and |N)ssihl\ cause diurnal peri«Kls ol 
|M>llen depletion, less than optimal hoiie\ pitNluclion. 
and incivav*<| ex|K)suiv to losses o( In'eshtJin iiws’ln-ide-^ 
and natural enemies. It is desirable t(» test the elTt-ct ol 
alternativ(‘ native pollinators as s(M)ii as ad(‘<piate 
{Millinatois can he managed. Trials (»n \ield r('s|H»nses 
aid selei tion ol the hett«*r spe< ies to de\eh»p for 
management. Done candidly (.see Sections 2.2. 1-2. 2. 2). 
the\ also allow dinM l cliecks to Ik* made on the ne*eded 
(|uanlity of pollinators. 

Appr'oai'ht's for diMcrmining the need(*d numhers <»l 
pollinators are all based on field trials, \fler lliis phase, 
the infomialion sogaints! can l>e haialled in \anous wa>s. 
I’he basic melluMis arc as lollows: 

I ) ill irifli h€u*s <*ii<*lo.<«c»d 

or e.vrfiicl<*cf« coinporod to open fioMsm 

Cages that exchule insects and compan* \iehls with 
open fields allow appreciali<»n of ellective response 
to pollination. llowe\er. tin* insight gained from such 
cages is limiti'd — e\id(Mil now that this approach 
has been applied for many crops. The enclosure of 
bees has maiid\ imobed small honeUiee colonies. 
The apparent merit of caging hones bee*s with a <n»p 
is to determine the approximate upper response in 
plant priMliiction ofseeil or fruit. At times, lurwesei. 
excessise bees in cages ha\e caused poiirer 
pnHiuction. |)erhaps l>ecaiise of rapid |M»lleii ilepleiion. 
or sluuling that may aflect both foraging iMdiasiour 
and plant resources, .'^hailing reduces nectar 
production and hours ol bet* flight. Results w ith cagt'd 
honeybees ha\e ipiite often produced yiidds that ate 
difficult to interpret. Claims base euui been made 
that honeybees rob (perforate) flowers in such 
situations, which is not known in nature and siigg<‘>|> 
that other organisms in the cages (shoii-tongued 


bumblebees?) hast* done the actual robbing. Shading 
and fine mesh cut wind \<docit\ within the (‘age and 
redm*e wind flow and its effect on various crops. 

(Paging I K‘(‘s. cspccialb fionevU'cs. als(> has the inhcienl 
weaknt‘ss <»( (‘liminaling c<Mn|M’ling bl<H»ins. which are 
(juickK l(H'at<sl b\ thecolom (in contrast to ttianv l>ees). 
Thus consistent or high \ ields max not lie oblainabh* in 
fiehl conditions. Megachilid bees, carpt'iiler bees or 
bumbleiiees forage motv comibilabb in restricted cages. 
< )n fniit and lii‘c crops this max In* eiptal to «»nl\ a part 
ot the X iniMir tn*<\ \ cag(* ( an (*onc(>ixablx disturb paiusitt* 
populations bx excluding or concentrating them, or 
increasing the humidity — therebx affecting plant 
dis(Mses that max influtMict* xi(‘lds. Initial It'sting <»f 
all(*rnatix(‘ |»ollinalors is iisnallx restricted bx the limited 
supplx ol Im'cs in hixes. nesting mateiial. Hies. butt4‘ri1io> 
or other pollinators. \ range ol sloi'king rat«‘s can 1 h' 
achiexed lor small iuimbei> ol alteniatixe |Millinatoi's in 
a ( ag(‘ to pn»x ide an initial (‘stimale (»n tiu* numbers of 
pollinatois i)(‘(*ded for application to c<»mmercial ( lops. 
\n alternalixt* is to use small plots in o|H*n fit'lds whih* 
<*ar<Tiillx nionitoriiig tlu‘ xisilois. 

2 ) ol' tfwtfls 

oil f«ii*f|<» <*i*o|> 

.hidicious use of largi* and small cr(»p ai(‘as can allow 
ciMitrasting populations ol the pollinating guild t(» b<‘ 
studii'd. when* coiu| let ition (k-cui's in a commercial s*Mting 
(unlikt* cage studies), l eral |)opulations of alteniatixe 
be(* |)oliinat(»rsare usually limitinl. so that in a large cn>p 
ol at h*ast lA h(*ctares. the elfect ol feral bei*s often 
beconu's minimal c<»m|nm‘d U* pollination Irom crops 
sltM-ked with houexliees. (pAactlx the op|)osile. however, 
occuis wluTe then* are large numlM*rsol wild honexliees. 
or anx olluTkind <»f |>oIlinalor). Hu* inlnNlu(‘(*d t>ollinatois 
cannot find umis(*d (lower patches and must c«‘ase to 
loiage (H‘ si*fk resources elsewhere. 

llonexiH'es llx u)> to I0 km or mon* to forage, but in 
doing so ihex gain little resource lor the cohuix. 
Honexbees prefer to lorage near their hixes and the 
majiM'itx max lorage within )(K)-.>(K) im*ti‘is. prox i(l<*d 
the emp is allractixe. while a minoritx max frcclx Hx to 
all(‘rnatix(* I1(»w(*rs w ithin I.Alo 1.(1 km. W ith atlxerse 
W4‘alhi*r ( I 2- 1 5 ('.) and w inds. actix itx can be 
ccMicentraled within 200-AOO meters of the hixes as 
foragei> nonnallx on moiv distant Ihwxers r<*main iii'^ide. 
Studies (»l produ(*ti<m on strips ol apple, longan and 
cn^ps at xaniiig distances Irom honexbe<* hixes liaxe 
concluded there was diflerential p(dlinalion by 
honexbees. but the possible (‘onfounding effect of 
oth(‘r pollinatoi's has si'Idom N'cn ch*arlx d(‘mons(ral«‘d. 

The large, active carpenter bees a{>par<‘ntix huage up 
to 1.0 km Irom their nests fn»m a Malaysian study on 
passion fruit ))ollination. Most bumhh*lN*(*s lorage within 
fOO-tlOO meters of the etdonx. based on marked 
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l)uml)l(‘lM*e*s from frral rolonios in Nohraska. I SA 
ami a study in Nev^ Zealand tiuil moved nests and 
rerorded the distanres from uliieli displaced bees 
relumed to llieir former nest sites. In O.eeliosl<i\akia. 
Iu< (*rne \ieMs were lower ImwoiuI K) metei-s of n<*sts 
of Hhoftfiites vanus. Other small solitary l>ees are 
uniikeK to ( ustomariK fly farther from their nests tlian 
lHiniblel)ees or caqjenter bees. In New Zealand seed 
yii'lds of hieiTiie almost donbliMl within 20 m of hiv<*s 
in a fudd with ine^ai hilid b(‘e nnmlH‘rs inad(‘(|nale to 
perinit maximum see<l yields in alfalfa. 

) Piois oi snmii vmps — U*sis of 

tltffe»*^ni stfH'kttug 

Kepli(*ated small plots (>an pnw ide un<H]ui\(H‘al e\idenee 
on the floriil pivferenees of l>ee>. as sh<»wn for lepimes. 
enieifenHis erot)sand iKirape. particularly forbiimbleliee 
s|M‘cies in Denmark. Canada and New Zealand. Plots o( 
0.1 to alMuil 2 htH'tan^s ( an U* vahiabh* for tc^lin^ the 
actual imiKicI of allenialiv(‘ {H»llinat<»rs pio\ lik'd lh<'s(K‘ci(‘s 
has a preference for the crop being studied. Several 
small plots spactnl at bust 1 km a|Mirt (ImwouiI tin* usual 
foiagiiigdislani efbrmost iM'esand blowflies) allow stix king 
lutes at 12.5, 25, 50. 75 and 10(K^ at |M*ak flowering. 1lie 
rates tested will depend on the availal>le supply of 
|M)llinators and the e\|>ected res|M>iis«‘ in yield. A detailed 
stiidv on a plot can show what |X)llinator abundance is 
optimum. Ill addition, the \alidily of yields and otfu'r 
]iarameters iis*^! for fm‘di(*ti\e iiUMlelling ma\ lx* clit'cked 
under Held conditions. Small plots can also attract iiMxlest 
honi'vlx'i* numlM*rs. especially where there are other 
atlnicti\(‘ cni|)s or wi^ihIs in the vicinity. 

4 ) iCsiimatimf 

mid fli4* 11X4* 
of prt*dU4tV€* lll4Mf4>f.V. 

A pri*diclive mixlel that makes few a>'>iimptions can yield 
estimates of re(|uir<*d pollinator numbers. I'he imnlel 
would ideally ensure that the value of each main fxillinator 
sfM*cies is ad('<|ual4‘ly assessi'd fsi*e also Section 1.7). 
Once |xillinator {xtpulations have Ixvn measured in the 
field, and theirefilcacy verified, then a national assessment 
can lx* made without unduly conitdicated malhemati(*al 
fonmilae or <*ompuler simulation. Kor inslanct*. in N«‘W 
Zealand iIh* Ivpical |H)llinator |N>piilations on it'd clovt'r 
crops were onlv alxiul one-thinl of ihost* n«‘(‘d(‘d for full 
{Killinalion. .Snaller plantings, umk'r 5 lu'clart's. yii'Ided 
up to twice that of plantings huger than five hectares. The 
available [xdlinators were l)etter able to service smaller 
IKitches. Iliis shows whv some of the laige-scale piedictive 
nxxlels might fail. IJk('all nxxk'ls. tluw an* only as ac'cumie 
as the flgim's and vunal)h*s th(*v emplov. The varialiles 
that are l<‘dious or costly to m<*asim*. such as niimlx*rof 
flowers o|x*ning |x*rdav. might still pnxluce no reliable 
pi'(*dictions if the model doesn't fit the setting, or if other 
m(*asim*nu'nts are not taken. 

Two fonmilasan' need(il to a'JS4*ss crop (or git wver) demand 


foriHillinatuxi and th(*ca)xu itv oftlH*|x)llinatois(lx‘ek(*e|x*r 
or supplier) to give the re(|uired txdlination. llie first is 
straightforwanl: 

Mower pollination rt*(|uiivmenl (or gnmer demand) = 
Numb(*r of open flowei*s (standing flower cn»p) + new 
flowers (»|x*ning (}x*rdav) 

S)ine flux in daily needs for )M)llination must (X'cur. Ccxiler 
weather, for example, may pmlong stigmatii' receptivity, 
as soinelinu*s will fair weatIuT. The n*s|x»ns4* ofa emp to 
|x)llinalion will always lx* lx*low l(K)^ and may d(*tx‘iui 
(Ml weather and growth during the flowering f>eriod: it 
obviously will also lx* affecU*d by feililiz<*r or |x*sticide 
application. Furlhi*r it*s|X)nst* in yield will not lx* {xtssible 
alxive a certain level, and this level will vary fmm year to 
year and cn>[) t(»cn>p. Nonetheless, a s(:H*ond et|ualion that 
may lx* given to show the relation lx*tween {Killination 
su|)ply and di*niand is the following: 

Daily |xillinaliondeli\ei'y (by sup[)lier)= Average numlx*r 
of |x)iliiiators |x*r unit area (hectare, tree, flower gnnip. 
etc.) • flowers visiUxI jx*r |x)llinator jx*r hour • hours of 
foraging |M*r day. 

(Combining and rearranging the two foregoing e(|Ucitions. 
the numlx*rof need(*d [xdlinators can lx* computed as: 

N |X)llinatots needed = 

N flowers o|x*n • N \ isits for full seed set 
N V isits }x*r hour • N hours daily foraging 

A pri'dictive model (*an pmvide at least an order-of- 
magnilude estimate (e.g. whether l.(K)() (M‘ lO.fMM) are 
at)pn>priate iumilx*rs) of the re<|iiired |M)llinators. so long 
as accurate figun*s an* iix ()rjx)ralf*d. Iliis jiarticular nMxlel 
would reejuire know ledge of the numbers of visits needed 
fnan each |x)|linator s(x*cies to pnxluce full seed set, as 
well as reliable counts of the other three variables. 

Forappk's and alnxiixls. intenK'tive('oniputer-[Ktsed tixxlels 
have Ixvn developed in the ISA to [Mvdict fruit and nut 
set fiom variables im luding w(*alher. flowering of the crop 
and hon(*ylx*(* foraging lx*haviour. I'liis in turn |x*miits 
(‘oloni<*s to lx* mov(*d fiom ihi'oivhard assixm as |x>ssible 
to allow tx*sticid(* spray ing. Such (MMnpuU'r tiKxh'ls an* 
valuable but have limit(‘d value in places having little 
airess to computers. 

MdUwnai fC4*|4*rt*tlCH*34 (see aLw Seetions i.i, 
IJi) 

Ik'uUit*. A J. 19* 1 . A lwlini{|ut* for lIx* sluth of ins«'l-lnMTx* pollen. 

Pan-Pai-ifu' KiitniiN>logisl 17lll:ft2. 

Davis. \.K. Kvaluutiiighixu'vlNt'sa'i pilliiiators of virgin flowt'ts 
of Efhium pUuUagineum L. (Borapinareue) hv pollen- tul>e 
nuoreseeiice. Journal of Apii'ullurul Kesearcfi ^U(2)iB3-95. 
Heinrich. H. 1977. BumliklH'ecctNMimio. (liunliridge. \lcL'«?«aichiisetLs. 
I SA: MaivanI I niv. I*re>>. 
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2Jf FtJPRtL BWUHmY & 

RFSE IHCH TECUYUtl ES 

2 Ji*l \wlnr 

Aitluui^h il iisuaily rontuins u iiumher of minor 
(’lu'iniral fonstilm*iils. nectar is coinpostMl Uirf;e*ly of 
\vaU*r ami sugars proiluced l)v the pliolosyiilliolic 
machinery in plani leaves. Tliis sweel e\udate is 
setTeled from glands <'alled m*ctaries. 



I ) YoviaHos aiicf tvhort* lo Hticf tflieiii. 

Ne<iari<>iean Ummi many plani |ku1s — eolyle*dons,slems. 
leaves. slifHiles. flowers and fruits — an<l somelimes in 
moiv lluin one place. For iiislaiice. two neelaries of chick- 
pea {MfUia unf!uirnlata) aie not on Ihnal (wils (rather, 
they an* on stipuh^s and tin* inlloivseeiu’e stalk lK*tween 
flower Iwses), a lliinl 1 \|m* U*ing in the (low<‘r, ass<M iate<l 
with the oviuy Uise. hi some e\cf*|)(i<iriiil <*as«*s. like ('.aniiksis 
radicans (Hignoniaceae). live nectary hu ations exist, 
four of them on floral parts: sepal and petal lohes. 
surrounding the o\ary s base, and on the surface of 
de\eloping fiiiils. \ distinction is drawn I)etw4*4>n suc'h 
ne‘ctari<*s a<’conling to th<‘ir l(K-alion. ExtmrepnHhiclice 
iieclari«*s are l(K*ated on vegelatixe parts (and as such an* 
cxlrafhmtl nectaries). l{epnMiurtice Uf'ctaries inclu<l(* 
giantts on tin* infliavseence. flowt*r s!«‘in ainl hra<*ts. as 
wt'll as thos4' (HI any floral |kii 1. F.\lran‘pnKlucliv(* lux larii's 
fr(*({iu*ntly pmvidi* a mutual Ix'iiefit to holh plant and 
insect. }>arti(mlaiiy in the tmpics. \\ liile foraging n<*ctar. 
c(*i1ain Impieal ants d(*fend plants )>y allacking lu‘i’i>i\on*s. 

However, it is the reproductive m*ctaries lliat an* most 
sipiiftc'anl for |M)|]iiialioii. Some iieHaries are situated on 
the lower surfaces of outer flinal |kii1s, and liecause they 
may s<*cr<*le nwtareveii lM*fdie tlw* flower opens, they are 
not din*clly imolv(*d in attraction of |K>(ential |>ollinators. 
(dands that encourage ]>ollination hy flower visilots are 


those actively secreting in open flowers and usually 
l(K‘ated iHMr lh<* lia'^'of the flowers lepUNlui'livt* stnictuivs 
— the stamens and/or the ovaries (Fig. I), or thos4* 
positioiu'd elsewhere on the flower (e.g., spurs of the 
corolla. Fig. 2). Their liK ation and the timing of nectar 
s4*cre*tion 4*nsure pollinator contact w ith the anthers and 
stigma when the gland is prol)4*d liy a visitor of tin* 
appi4iprial(* si/4*. 'Hius. of the four n4*<‘lari4*s situated on 
floral pai1> in il is the gland Im*Iow the ovan 

that i'' as'SK'iat4‘d with |Htlliiiation. 


'2 KInurr ol liiln'iil fiM* 

liiillim. lulM*'likf‘ r\U'ii>iiHi- ('•.{Hiis) al llii* |K‘lal liu.'>i> (ornml 
uliirli iKviar. 

W ilhin taxonomic* gmu|>s. the* |M»ition of lU'ctarial tissia* 
is usually consist4*nl. In mon(N’olyl(*dons. ne(*lari(*s aie in 
S4*plae of the (lower's ovary. In the mustard lainily. 
Hrassieacea4*. the glandular tissue is always i(M al4*d al the 
Uis4*((rslamen>. In Eurah])tu.s (Myriaceaet. n4*< larexud4*s 
amuiid the lloral eup. in which il accumulal4*s lN*ii4*ath 
the ring of stamens. 

The l(K*atioii of nectar itself is a way to detec t n4*ctari4*s, 
hut lh(*re are sp4*eies which, under approprial4* 
4iivimnin4‘ntai conditions. pnMluc(* copious mxiarthat mns 
fmm (Ii4‘ flow4‘r. thus making (h'tection of glands mor4* 
dilllcult. If iu*ctar s4*civtion has ii4»t y4*t iN'gun, or n4*elar 
n*s(Hi>lion has o4*cunvd. lUH taries are difTicult to find. \ 
din(‘n*nc4* in 4‘olour ImIwin'ii tlh* n(*(’tarial tissu4* and that 
of adjiH-ent floral (kinsi'aii assist nectary d4*(4*(iion. Several 
s|M*ci4*s4)f llie mint family ( I amuK*eaef display hright yellow 
glandular tissue lielow llie four green ovul4*> (Figs. da. h) 
or dai*k puifih*. Fuilher. pipiienlati4)ii of some extrafloml 
nt‘clari4*s mak4*s thi'in v isilde fnmi a dislaiici* (Fig. .5a). 

Moi*|>hology of lUN'Iarial (issue is another feature used to 



t‘oUinulion of (Mhimlcd Plnntx in the l\opirs |(Kl 



h'ifi. 3. u) of {\jn(£<t rvfUinis]. h) 

of tinuer to Nt'tlou iH'ctanal ti>Mio <\l lit'hm foiir^rtvii 

|0): iIm* sI\U* (Sv) iiwrlftl l»»*l\\i*en ouih^*. and irmainiU'r of 
raK\ (f jii. r) SKM 4>f tjcilan iN) ami luo M. d) hipJirr 

inaKiiiriratton of iM'4'lar\. ohouin^ ■«lonia uilli n|M>n [ion* <pl 



I'ift \. tU itiflon»viMv of PalfrvmViiiiv*' \Erhium Nol<* 

iuillxis ( Al. otxlo (S> 1 of floMtT. and u|)]tt‘r Ml llm't* |>i>rsi>tonl 
oari) (o|i|Mil In h\o oiipiuts (Syii. I») SKM diowni^ ntvlaruJ <ii>k 
fimrouili*s<{)). itwitMi («Hnl <ifdi!^M««l4'4l M)l<* 
indi4-at«*i| U ainm. iUt 4 a)if]<;>ii«Ni<i( iMH-Lin |.\) U'lim ovule* 

H h: iiolr tuiMM'iMt' *4onuita with item's on •dajid *>4iifiU^'. ill ■^-lioii 
llinHi^i iitiiitn |N) 'JuminjiHinutd of |4il«iem lllOiUul oftrii 

(h(‘M‘ glatids. nithoui'h ina^niriratinn is 

soiiii'tiim^s n'liiiinil. Mail) iii*rlarit*> surmuiKiing llu* Iwsf' 
of oNarii's lakr llu* fomi of iimiliridinlar [imhilit'raiires nr 
iHilpimllis. \n Xjiifia rcfttuns f l^niia< na<‘A nivlarial lissiii* 
(units a s\M*IIing nii llu* Itmnr siili* nf llu* nmM*r(Fij£s.3a-<*). 


Erhium ftfanUi^ptwum (Horapnacrat*) has a nrctaiA llial 
is a (lisk-s!ia|it*cl stmclun^ <*iicnmjiassin^ ihr Uls«*s nf llie 
lour ilrvrlniMn^ mitlnls (Fig. la-<*). Tfie <lis<‘ok! ni'i lan of 
I ir/Vi /o/h; (lx'giNiiiri(»siie) U'ars a long pnilulMTame U low 
llieilevpInpiiiglM'an (Figs. 5a l>) In nachofllu'scnxampli's. 
scanning micn>s«()p\ n‘vcalsllial nivlan snHams 
ciHilain jxHvsof inodifiiil sUrtnalalFij^v, .Ail. l<%il..)l)Hl)mng)i 
which nectar can 4‘si*a|K*. Sinic ni'clar glands, on llic oilier 
luuid. aiv (iHn|N)s<il ofaggregiUe*! sccivlor) hairs {Irirlutnu’s). 
and ihese arv usually only ilislingiiisiiable h\ niii niM ops. 
In HihiM’its (Malvaceae) the inner suifacc of each >cjkd 
lM*ais thousands of inulticellnlar Iriclionn's (Fig. fti-c). On 
ihe stipules o( Mda faha the exIrarepnKluclive lUH'taiii's 



Fig. a) broad lM‘aii plant \ \u ia JuiniU showing o|M*ti llowrrs and 
•.;ini|)ling priM i'diiiv with (lllor |iu|nt wirk. laking <‘\tra'l1oixil 
nii lar fmm tin* ihirk iii'rlaty oii slipnh*. hi SKM «jf flonil mi tan 
<Nl Mimiunding voung Unm ill). pn>ji*rlion U'aring -lonuiUi 
tamms) at tip t'Mt'iwIs from iit'i lar) ilisk, r) SKM ol 
t‘\tnm'produ( tiw’ m'Hai) on MiiHih*. showing luiiHliviis of 
iniihirrllular lnrhoni«-s. dl InolHMiies, liighor magninratiiHi 

alsii aiv coin|)oseil of hairs (Figs. .5c .d), Man) net Uines do 
IH>I protrude; instead they are contiiuioiis witli the surfact*s 
of adjcic eiit lloral {larts and nonnalty consist of ndatiud) 
few la\(‘isol cells (Figs. 7a-c,fkH l.Tliese l)|)esofnectari«^ 
often an* onl) reci^iizithle 1>\ tlie presence of nectar itself. 
In cases like Mctliatfiosatun I U*gitminosae) iuid Etu (thj)tus 
leiictKX)lon. the surface* unde*r the exudate Im'uis stonialai 
|W)ies (hl^.Tc.eUldl. I lowt*\t*r: iAUvrnon-sinuiiiral nex Uiries 
like that on the outer calyx surfa<*e*s e»f Eaeonia Imels 
(Kanunnilace'ael contain no s|)cciali/:(‘<l glandular tissue 
and arv only id(*nlinal)li* l>\ the* ru*clantmplelsal)ove them. 

2) V<»c‘far roliiini*. vowoniratiatu 
and tniitwnvUitf f«<*lors. 

\ee lar standing in a llower is continually irrult*rgoing 
change's, file I) jtes ed change dejH*nd eiri ihe force's acting 
on il. \ot only e*an a nectar) se<*rete neclar. Iml ne*e*tar 


no 
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I'i}'. <>. iO IliiVM'i' oi tfihi.scu.\ (Im* 1 >^| al li|> i>l '■ulc. i'\(i'ii<lin^ iH-ymil '•laiiiitui ( iiliinin anil anlli<-r'> ■ Vi. I») ''KM i>l raK\ 

Ui'4- H !al xliii\>m^ luiui o| iH*rlat\ -x-i rvlol^ hi< lioini"> n'riilri nulil>. ul tnr|i«»iiu‘- al ■‘ilt.'i* 


(’till in mam «‘asi*s lu* i«*clainu'(l or rral»si)ilH‘d l)\ tlir 
glatul. Ill way, plants lia\e* llu* al>ililN to iMni>rn«* 
noclar ^o^l^!ilut*nls and ulilizo thorn olsowlmn*. Tlinv 
an‘S 4 *u*ral ways that mH larvolinnocaiKlocnNw. Hi-sidr^ 
rosoii>tion or nnhoilmont a lliinl moans is o\aporalion. 
Walor o\a|)oralion fnnn floral noi lar is nn*alor wln*n 
noolar is rolahvcdN oxpox'd to liio aimosplion* inMoad of 
proloolod al iho liaso of a long < ondla Inho. \\ lion 
o\ai>omtion is intonsi', n<*< tar\oliiinooandi*oifaM‘do>pilo 
(‘onliniiing ii«‘olars<M*niion. SiinilaiU. inon^asos in floral 
no(*tar \okmu‘ 4 *an ho bnuight In rain drops that fall or 
run into llio flowor and ini\ with standing noolar. In 
addition, standing nootar of rolali\ol\ higli sugar 
00114 -ont rat ion. ami in humid air. oan gain walor \apor 
from tin- atmospln'n*. Noi lar aiciimiilatos whono\or 
not so 4 Toti 4 m rati' om-oimIs tin* 4 *oinhiin*d h)ss 4 *> 4 >f 
r 4 *al>sor()lion. oml> 4 * 4 lm 4 *nt h\ \isilois. and i*\aporati<Mi. 

Sugar 4'on<'4*nlralion ohangos as wator ♦*\aporato> li'oin 
sugar S4)liit ion. aiul \o\iimv (It'fwastw whilo lli4‘o4)iH'4‘ntiatioii 
of sugar in<‘n’(fs(‘s. This rolatiouship 1 m*1wi*«*ii \4)lumo and 
4*4in4*onlialioii imist Im* omphasi/iMi in m'l tar anaixsis 
lx*oausi* lli4* (/uaiUily of mr/or sti^ar in tho sanipio is 4»l 
primal') ini()4)i1aiK'4\ riii* Howors shown in I'ig. 0 ha\»* 
idi'ulH'al iHH lar \4)lum4*s. hut unh'ss n4‘4 lar samph's an* 
4*hock4*d for sugar com'onlratitm. cnio might assumo. 
4'rron4*ously. that 4*aoh llow4*rs no4*tar ooiUains llu* siimo 
sugar. Kslimatos 4if a flow4*Ts imi'tar sugar oomo Irimi 
nuiltipKing noolar xolumo h\ sugar 4‘om*4 ntnition. Kta 
oxamplo. siip|Miso Iwii fl4mors haxoiho |il.(mi4*riolil4Ts. «jr 
l/l.(KKMM)Olh of a lilro). Ono has noHar of lU/7r sugar 
(that is. 30 grams of .nugar por KH) milliliti'is of wal«*r). 
whort*as iho otlnn’ has a o4»n4-onlralion 4)1 O'/f . ’ni4*ivlor4*. 


althougli tl)4- two ha\4‘ «*(|iial Noltmu****. 4>no hoMs 1 .2(> mg 
sugar, and tin* otlmr 4tnl) a 4|uai1<*r as mm-li sugar. 0.3 1. > 
mg. rii<'S4' <|iiantitios wi’ix* c ah ulatoil h\ nuilliplu-ation of 
m*4 tar xoluim* h\ sugar o«»ni 4*nlralion |4*.g. 3..> pL \ .3() g 
siig«ir/l00 ml . wal4*r = I .Jo mg sugar). 


h-ls lak<* anothiT <‘\ampk . In this insUmi-o tin* \olumi*s 
4)f iN'i lar in two llowi'is difh r. In Kig. If), thi' l1r)W4*r on tin* 
ItTi Iwai's .^.f) jd, of \2Vf Migar. Tin* llow4*ron th4* right 



[• ig. 7. a) alfalfa | Mnlinif'o Ii) SKM iif (l)-*s«Tt«il Il<»r4-l ha-s*. 

'•iitmiiig ixTlan |\l. liiglHT m.i;:iuru alinii ot nrrtao |\l. 

■•lKiuiiigo|K'ii slomaLi: iKvI.in )<K',iUtl iM'lucrn gNiXHi-iimi 

|t») anil lia>4- «*t Mamiiial i |S( .1. «I) i Itisr-iiij of «H*4-lar) 

■'iiiiiH't' -liouiiig «»i m.iiiii* •*innui uilh c»}M‘n ]hhi- at li'll. 


l*oHinatiini {‘hiuhiii Hit' fntf/ifs I 1 I 



Kig. 8. ») ln-i>s ofu'lloSN gimi {Kiinihjttus Irurox^iitn) iii 1 >I(miiii. 

It) nmlim* lloMrrv. <-nm|N»snl of rings of s|aiu<‘iis anMiinl lop nf 
ilonil rtip. lack a ('al\\ and ri»n»lla. <*) SKM ol linral cup. uillMnil 
stamens, n'uniling ncclan surface (\i. d) higher nuignillcalion of 
iHTtar) surface. slMiuing |>orv> (umms) 

('<»niains2.0 siifuu;*nu*ndniv. l»olli llowers ha\t* 

iwarll} thr sanw sufutr conlent in lh<*ir iKH lais (5.0 pL \ 
12 g su**ar/UK) nrf. v\aU*r = O.W) mg sugar = 2.0 pi, x ^50 
gsugiir/100 ml. v>aier). il«*spile liiellfmernii llie Irli having 
a nectar voluiiu* 2.5 times higher. It l<»II(nvs Oial [>> 
measuring lv>oof the lliii*!* iu*ctar characterislies (\olunie. 
sugar (M)nc(*nlration. <|uanti(y id sugar), an <‘slimate of 



the unineasureil. lliird eharucleristie can he computed 
fmm the two iither meusuiements. 

2JL2 Coiioetton & ^toasurem^tti 
oi %eviar Santpies 

A numlMM* i»f UH lini(pu*s an* used to colltn*! floral iKHiar. 
Ih'sidi'sdeiMMidingon the ixiuipmeitl available, metluKls 
(l(‘|M‘nd (Titically on tfie mi>q>hology and si/e of die (lower. 
In vei*) small flowers, (or instance, there may only l>e 
minute ({uanlities of nectar. Fiiilhemiore. if nectar is 
released from a nectar) lix alerl at tlu‘ (lower has<* and 
nec-Uir is mlatively imiccessihle*. net tai* collection is |xissil)le 
only after candid iliss<*<‘tion of the (li>wi‘r. 

I ) %eviar 

Se\eral U*chni(|ues available for nectar collection can also 
yiehl. without loo much difTicully. estimates of ne<’tar 
volume. A(rura<’V d(*|MMi<lsofcouisiMm itu* methoil us<*d. 
One n*laliv(dy simple ti*chni(|ue d(K*s not invidve ne<*tur 
(‘olle(‘tion — visual idiservation is coupled with a scale 
m<*asuri*mi‘nl. This te(diniqu<* can Ik* |K*ifonnt*d most 
a(M*uralt‘ly for tubular condlas wht'iv tht* aci iumdated 
rii'clar can Ik* measun*d within the cylindrical tube. 
Ilowi'ver. in a meaningful analysis of net lar. measun'ineril 
of ihe nectar sugar is neede<l — either nectar sugar 
ciHicentralion (jiercentag^*) or nectar sugai c-onlent (vveiglit). 
This involves direct sampling of nectar. 

A |K)pular Uh hnique to collect m*clar and measun* its 
voluim* involves glass inicnK'apillarv tidies. Many types 
are commen ially available, such as tluise of Fig. 1 la. 
One end of the (‘apitlary is inserted into the nectar 
droplet, and tin* neidar is drawn into it by capillar) 
action. Ising <-apillaries (d a specified inside 
<liameler. marked to show e\a< l volume, (also (*alle<i 
adihraled micnM-apillarv IuIk^s) allows the length of the 
sample iMdiimn to Ik* exprc'ssed as a fraction of total 
micnx apillar) capa<*ity, Capillarv tidies work liest wlien 
the V iscosity of the nectar is not too high: capillar) 
mov (*mt*nl of the neclor is low w hen nectai' concentralion 
exceeds . In certain cases it is ideal to be able to 
remove all standing nectar, siudi as when conqiarisons 
of absolute nectar sugar (‘onit*nt are Indiig made iK'twtK'ii 
cultivais tif a crop s|x*cies. W ith many flower and nectary 
moiiihologit*s. it is not uiu'ommon that capillaries fall 
short of removing all accumulated ne<*tar. 

A calibrated syringi* or pit>elte also (‘an be used to 
<-ollf*(1 lux'tar dinn-tly. whiidi has pnimineiil application 
when nectar vidumes are very large (e.g. .50-KK) pL or 
iiKiie) and collection using several micnwapillaries would 
lie Uki time-consuming. 

(amtrifiigalion is another methiNl usi*d to sinudtaiKHiu.sly 
colkx't lUK'larand imusun* its volunu*. This ti'chniqiie has 
Uen ust^l UM-olkx'tively sample th<* m‘clarofa<'om|K)und 
in(lon*sc(*nce of stweral small (lorets. In the system utiliz<*d 
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Ki^. 1 1 . a) uHsiMit'd micTo-( apillnrit's fur iie<-tar eolln-iion. Muck InilU umnI |nr 4‘\|niUi«tn fmm ra|Hlluri(’^. 
Ii) forcf|)!.. piii!« and filter pu|M*r wirk^. fur iirrlar rolUM ilmi 


in Kig. 12. an innon^srrmr is iinnlcHl into tlir top <»f a 
sj»*rially-<lesipu'd ^lass (•♦'ntrifiijit* tulirand smtn*«l willt 
a stopper. Nectar spinning from the florets during 
(‘entrifugation Hows to the Ixittom into a calihraUxI tube, 
when* nectar volume can Ik* assessed. However, a re< ent 
study ulilizinp this system for Hraxsira /w/«/,s ^ave a low 
estimate of nectar sugar. cojti|>aiv<l to that samphtl din*ctl\ 
1)\ a capillar). Nectar vtdiime during centrifugation 
might have Ix'en aiiilicially increased wh<*n watiu' 
condensation insicle the centrifuge luhes enten*d the spun 
nectar. If this system is to he used extensive!) for 
measurements of nectar volume, it w<»uld first he 
n*< <)mmemlnl to delemiim* the time n*(|uin'd to »*\tract 
the nectar from the llow(‘rs under investigation and to 
coni|mre iie<'tar sugar coiu'cntnition of spun tux lar with 
nectar withdrawn hy capillar). Keeping cent rifugati<»n 
durations identical lM*tvveen samples will also help to 
minimi/e vaiiation due to t<*(*hni(|ue. 

Filter-|)af)er wicks are Ivecoming incivasingly )K)pular as 
t<K>ls to collect floral nectar. Small pieces (»f filler jui|H*r 
can Ik* held at one end with forcefvs (Fig. .5ii) or im|Kile<l 
on pins (Fig. 1 Ih). and their (*dges dipped into the 
nectar. 'Flu* wicks aiv llieii air-<lri<*<l and stored, pivfcrahlv 
in a desiccator that will prevent gitwyllKd ini< nN>iganisnis 
on the enriclied wicks. \\ hen anaivsis is |K*ifonned. the 
nedar sugar is eluterl fitmi the wicks hv placcm(*nl in a 
known volume of water and shak<*n vigorously and 
peri(Nlicall). Althmigh the us(* of wicks alone d«M*s not 
pennil dir<*ct measurement of nectar volume, then* are 
instances where volumes of nectar are too low to he 
delennim*d hy the otlu*r melhfKis (capillaries, syringes, 
centrifugation, see set’lion C. Ik‘]ow). 

Kinsiirg flowers in a known volume of water is another 
means to ccdlect nectar. The flower must he shaken 
vigonHisly. to ensiine welting of nectanes. arnl then allow eil 
to soak lM*forc* it is ixMiioved and tiu* nnsale is availahle 
for assay. This method is Ik's! when nectar Is s<'arc(* or 
visc'ous. and ac(|uisilion ol at least s<»me data is ptv'feiahh* 
to none at all. lire rinsate is then anal)/ed for its sugar 
(see section C. Ik*Iow). < )ne |M>l4‘nlial drawback of sotiking 


tin* llower to collect nectar is that (rllier souivr*s of (loml 
sugar (e.g.. leakage liom lltmrM' [)at1s. or h‘aching of the 
sugiirfiom the >ligmatic exudate, in the<iiseofwel stigma>) 
may c<nilf>und the tna* sugiir level of the nectar. 

\ related teclini(|ue to rinsing, hut not involving 
suhmei'sion (»l the entire llower in water, is the conindled 
addition of a measim*<t small volume of water onto the 
lU'clar dmplct. This t(H'hni(|iU' again has applu alion ior 
small n<*clar quanlilies. or when nectar is I<m> visctais to 
Ik* othenvise colh*cted. Ke|K*ated and can*ful uptake and 
expulsion ol this water using a mienvpipette will mix it 
with the n*sidual ne(*tar. thus pitniding anollu'r wa) to 
ii‘(*over nectar sugar. Again, with tins l<rhni<|ue. nectar 
volume is not measured directly. Oi'C'asionallv. a 
(’omhination of these various techni(|ues ma) he ve*i) 
useful. For instance, when it is desirahle to obtain all 
availahle nectar from the base <»f a fl(»w<‘r. such as one 
|N)ssessing a pi*oltiiding iu*(iar) (Fig. .)h). the task can 
Ik* ven dinh ult tt> fK*ifonn with only a rnicnH'apillan. It 
is advisable to draw some nectar first, with the 
mit-nK-apillaiy. (nun the edge (>f the nectar dmplct (with<Hit 
pmhingthi* nedaty. which may iK*<lamagcd hv ihe glass 
i apillary). Nectar vidiime and coin eiitralion (see 
section II. Ik*Iow) aie «lelemiined from this suhsample. 
'Pin* nedai) is then g(*ntly swabbed to gather n'sidiial 
nectar at the llowt'i' base, using a filler*paper wick. 



i; 
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Kig. 12. at rack lor hoMing ceiilrifiigo liiU*' o| It, \\. >lmrl. 
h) cciiliiliigr liiU- ( 1 1 ntil will) iiocrli'd iiil1on-<( rM<'»- oi 
lii’ld h\ nirk s|iip|H'r: amm diows iiti'lar 
ari-iimulaitti allrr ti'tilnfiipjliiKi 


o/CnhiiHted t'liiuts in i/»r t lHal 
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Kijj. u) insInimriiK f<»r clrlcmiinin^j iH'rtar»u^ir roiM-<‘nlratioti — n*fnM loiiirifjv aixl jmtlrt livr <-a>«‘N. ltu*niMHni‘lrr. utu) 3(K)i- 

aln»liiil for rlraiiiii^. lo for a|»|)lyiii^ iKvtar fn»in mirnM-apillary 



Siil)^<'(|ii(‘til lirlt'iininalion o( ihr Mi^ar ronli'iit fnaii uirk 
and ('a|Mllai'\ allows lolal nerUir \oiiinio lo Im* calruiuU'd. 
assuiiiing llm lUH'Uirlo a lioinogoiieoii>« soliilioii. Such 
a rtmihincJ mcflunl of tm Utr collcctum is rccommciulcd 
niwrc rcitctilcdsamfdhifijrom ihcsamc ncctan is desired. 
K\|H‘rim(‘i)lal studirs of llir t*(Trrl ol la^i lar reinoxal on 
lolal n«‘<'lar pHNlurlion. or of ivsor|)lion. slitaild iiliii/e a 
wi(‘k aial llmoiiN axind inl1i<‘liii^ [dusiral daina^t' to 
tlio M<‘('tar\ diinn^ a pre\ ioii^iolltn-lion imtIimI I)\ <-ontari 
of tlu‘ gland with iIk* prohing ond of a glass rapiliaiA. 

2 ) \<*cl«r .viigcir rofM-<>iift*fff{oii. 

\ siinplo lasto of a 1)4*41^' sampK* 4>fli'ii allows 4lislin4ii4in 
UMvxvoti weak aiul slnuigK-i-oiire^iilrtilod neiiars, hut this 
ramiol pm\l4l4* suirM aail a4 ( iira4 V. Ih'lracionu-lr) is iIm* 
latiniiKm aiul iii4»sl a4'4'iirat(‘ tm‘lli<Kl 4»f measuring s4)lule 
r4m<’t‘iitratioii ol a luvlar sample. Ih^‘aiis4‘ siigais inak4* 
up almost all of ||i<* diA W4*iglil of a lan lar. it is geiuTdll) 
a sal4‘ assiimptuMi that sohil4‘ (’4>ii4-4‘iitralion i'4‘pr4‘senls a 
4*l4)S4‘ 4^^1111^114* oi tiu’ sugar ('4Hi4'4‘iitrali4)ti. \mino a4‘i4ls. 
as s4*4'oiular\ 4'onslituf'uls 4tf ni'clai. ha\4‘ Immmi shown in 
4'er1ain sjH'4 i4»s t4> make up WA of the nedardr) W4*ighl. 
Amino aeuls are 4iilTi4'ull l4> 4|uantif\ i laMnic ally. \\ luai 
4Mnnparisons an* U*ing nuale lK*tw4*4*n ne<iar sainph*s tjf 
the same spe4-ies. the de|>en4lahilil\ of refraclomeln. t4> 
givea4l4w. it‘lati\t‘4'slimat(*of sugar('4»ne4‘nUalion isassun'il. 

I\itli4-ularly in th<‘ past. lu^elar eoiuu’titralion has Ikhmi 
ihMennined in the lahoraUn") using \hl)e refractomelers. 
\4)w it is possible lo 4)hlain lightweight hami-held 
n‘fra4't4>m4‘tei>. (Kig. 13a) that 4 an Im* 4*am4‘d aiul ulili/4‘4t 
4‘asily in llu* fu'hl. K4>r eapillaiy aiul sNiing4* eoll4*eti4>n. 
this fle\ihilil\ alhnvs m*etar 4‘4)U<‘4‘nlralions lit he 
ih'li'i'inimnl 4Milside. imimMliali'lv afl4*r \(dume 
m4*asim*m4*nls an* laki'ii. K4*fraetom4*U*isean lH*<»htain4‘4l 
l4)gi\4*4 (meentrali4)n ivai lings across varmus nmg4*s. fVir 


inslan4-e. the pair shown in Kig. I3a ) ietd comu'iitrathm 
m4*asurem4*nls l4>r samph's in tin* rang4* 4if ()-.50Cf (left) 
or lO-tiOOf (right). I( stialying only nectar at the Uise 4>f 
long-tulHMl corollas, tin- smaller refra4iomeler may l>e all 
that is nei'4*ssiir\. hut if the iiiUmt is |4) study nectar fnmi 
the relative!) smaller fimvers visited hy lK*es. it 4ift4*n will 
Im* necesscir) lo he able lo mea.sun* lurlarcom ^Mitralums 
greater than 5(K^. lo (4htain a 4'oncentrali4)n reading, 
the minimum \4)lume of ruM lar re<|uired def»ends on the 
l\pe 4if n-frai tiuneter. hut can l>e as low as l/.S()lh 4)f a pL 
in lhos4* eM-ellenl refrai-tinneteis sf>ecially nuxlifieil hy 
the manufai-lurer lo acciHumodcile small samples. This 
type of refractometer is pivferahh*. lM*caiiS4* it allows llu* 
m4*asur4*m4*nl of n4*4 tar S4>liit4* 4‘4in4'4‘nlrali4m on a small 
ne< lar sample available per (lower, and thus 4 4>nser\t*s 
the variatiiai lN*tW4*4‘n individual f1owi*i‘s that is lost vvlien 
|MK>ling lUflarlnHii sev4‘nil flowers. 

rii4* pUM-eilure lo measure nei lar sugar by refrai tometrv 
is 4|uile simple. The sample is ex|K*lled onl4> om* 4»f the 
two prisms (Fig. 13h) whi(*h op|M>s4* eac h otlu'r wlum 
the sample an‘a of tin* |•4•fra4•lomet4•r is (*h»sed. This 
chisun* spr4*a4ls the samph* inl4) a verv fine layer, through 
whii'li light |uiss4*s. Tin- iinm* 4‘on4M*ntral4*d the rirn tar 
solution, the givaler its n*fiiM‘live iii4l4‘x. Ri-fraiMonu'lers 
vary with the mamifaiiurer. hut types are available 
that give readings in rlireclly 4»n a sucmse sugar 
scale. It is inip4)i1ant lo note that re*fraclive iinh'x of the 
n4*4-tarsiimple isik’jK'ndi'ut 4Hi li*m))4*raluiv. anil therefore 
a r4*cni'4l of tilt* latter iluring nectar handling is also 
im|H)rlanl. in onler to calculate the (rue (’oncentrathm 
adjusted l<» 2().tT(,'.. The data tables necessary to allow 
stu b temj>erature lumversions usually are supplied hy 
the manufacturer of the refracli»meter. Other 
refractomelers give cMHicentraliiui rea4lings after 
automatically (’omjH'nsating for temperature. 
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Ki}i. I I. plot of Mt'cUir ilijmt'U*!' ol (H^clar iillcr 

orilillt'ivnl roii«-entrati«m'< io \\ lialinati No. I 
t lmmialo^ra|»l)i<' |Ki|M‘r<rvilrav\ii Ihmii I’unrliiliiua) 

*nii*i>* ih annlluTcoiivtM'siun In llii> ivlra< lotm*UT tvudinjr 
of rtiiictMilralinii llial tuv<l> In lx* |M‘ifnnm‘(l iM'Inrr llir 
Init* s(»liitn (’(MK'nntralinn llu* nectar is kiumii. This 
cnineision is ne< e*ssan lx*< aiise the re!Tact(mieter n*a<liiig 
is e\|)n*sse<l astiu'^'ain weijjlil nl siicit)s(Mnrilse(]iii\alenl 
as ^liicnse anil Inietose) in IIK) ^ snlulinii. instcail nf in 
the vnlimie nwiLHim^nxMil nf KXhnl.nl si»hition. l•orlnnatel\. 
a simple ((iiaiiralic e(|ualinn makes lln‘ ennveisinn. I1ie 
ei|iialinn is: 

i\(:v = >cw (9.221 X Kr’i 

+ NCW 2 (.S9.() X l(r'*( + T.Ofi X lO'-^ 

M'Uew IMA is iiH’lareiHuvnlralinn Iwsed on voliiine.anil 
MAX is llie ivfra<tnmet<T nxKliMjinl'Of neclar mill ‘(‘niral inn 
luiseil on weijihl. after ihe cnrreetinn (nr lem[)eraliire. 

As an example of ihi'M* coinersinns. lets examine a neilar 
sample that ^a\e a nTraetnmeter reai linpof .V).50f. when 
measured in the field at From laMes. it is found 

that, at this eoneenlratinn. (or each dejiree in 
lemperaliire aliove 20.0'^ one must add 0.73^ to the 
ivadinji. Tlieivfoie. the tein|MTatuii‘-enm’<‘ti*<l i(‘adino is 
.V).,3 + (*)H().73) = 56.3 + 6..57 = 1x3.07^. Iliis is \(IW . 
Ity sul)stiluling this value into the e(|ualinii alK»ve. we iind 
that this n(*(*lar siimple has an NT A (sn^ar coneentralinii 
ULs«><|on volume of snlutioiOni K2.6jj fK*r KXtnd. solution 

0.e.. NC\ = (M.07(19.22t X l(r*| + ((x{.07)2(.S<>.6 x lO" 
+ 7.08 X l(r* =0.82.702. or 82.6%). I'liis uiliir of 
Nf'V (82.6 >;/l00 ml.) ran now Ih' nuilllplird In ni'clar 
M)liime t<» di'lermine sujjar eonleni of the nectar (see 
pnn eilinji example of Fi". 

If refraclomelers an* not aNailahle. then* is another, hut 
less accurate, indin^-t meihiMltnnhtaiii estimates of neilar 
cniicenlralion. I'liis lechnii|ue is Iw.sed on the de^iee of 
spreading nf a ne< lar droplet (Fig. 14). I sing idenlieal 
Milumes. highly-concentral«*d droplets of sugar solution 
spivail. when <lal)U*<l on tiller |ki|mt fmm capillarii*s. less 
than those that ar»* \er> dihiti*. Mie maximuni diameter 
III the outline nl the nectar s|k>I is measured imineiliately 
with cali|K*is. say three times )ht sjxjI. and the average 
diameter calciilaUnl. In the lalN>ratoi\. a stories nl standani 





Kig. 15. >l<it)ilanl rimr »t als<«>rtiiiiH‘«‘ vrrsii-w <|naiilin of ntn-lar 
'■iif'iir. ilfteniiiiHsI l»\ till* UvlinKiiir itl U. 11. ltolH<rl'- 

ciiixes eaii lM*< imslmcted. in which nectar <*nncentrations 
later can lx* «*\tra|M»lat<*<l. Hie curves an* < n’ated hv using 
frt*shlv-pn*pan*d sugiir solutions of known cnneentralifHi. 
such as in 5^ inereimmts. The use of diflen‘nl nt*clar 
volumes tpl.) (e.g.. 0.2. 0.4. 0.6. 0.0. 1 .0. 1 .2. ele.hif eat h 
com eiitration allows a series of diameters to l»e plotted 
against nectar volume, for eac h eoneenlratinn. Tiien. 
knowing the vohinu* nl iIk* ne(*tar sampit*. it is |x>ssihl(* to 
<‘stimate its sugarf’onceiitration Irnm the standani cunes. 

STijr/cii* C'wiil<*iil. 

A mimher of sugars have heen analv/4*d from n<*clais 
and some siigais an* known otilv fnnii iu*< tar. The ihret* 
nxtst 4’nmmon siigiii's in iK*(‘taran* ihedis^icchaihk* su4'ms4* 
and iIm* inonnsa<‘chari<h*s ghieoM* ami iniclo.se. F.ach 
suemse molecule <*onsists of one ghu’ose aial one lrmtos<‘ 
UMiltH ule jointsi t»>g4*lher. (h*nerallv. Ilowets with n*lalivelv 
li»ng i'omllas and a d4*4*plv-4'om*eah*<l nei'taix pimlma* 
suenise-iioininanl ii(*<iar. when*as ihnst* ilnw(*rs whicli an* 
n iativelv ‘’(►|x*ir in limn pnxlui e ne*ctar ric her in gluc4»>e 
and truclose. There are nianv e\c4*ptinns to this 
generali/atinn. and not all neelaiS4’onlain ail thn'e sugais. 
The ratios o( tin* various sugars in standing nectar can 
change. Uhk in those plant s|>ecies that lil)«*ralean enzvnu* 
calh*<l invei1as<* with their m*ctar. Inv<*?1ase assists tin* 
conv4‘isinn nl sucrose int(» its se[uirale huihling lihx-ks. 
gliu'ose and fructose. 

As stat«*d (‘arlh*r. the sugar 4 4>nl<*nl nl a m*« tar sample is 
ni |uirticular int<*n‘st. iMransf it muains nmsiant (luring 
any change in ruTlttr ralntnc or concenfrafian. \gain. 
generally an acceptahle estimate <»t neetar sugar 4Mml»*nt 
c an lienhtaiiuil iixlinn tlv fmm lh<* pnxlu(*t oi volume an«l 
(‘om*entration. IHowever. them ate common siiuati«Mis in 
nectar colleclijin (where w icks. rinsing, etc. aie employnl) 
where it is im)K>ssihle to metisuie a<*euratelv eith«*r vohmu* 
or eonci'iitralion. or the nee4*s.s;irv e()uipm<*nt to do so is 
ha kiiig. A <lire< t measurement ol the ({uantitv of nectar 
sugar in a sample is then i4M|uiied. 

L nlike measun*ments «»f vohiim* (»r concentration, which 
can iionnally 1 k^ petformed in tiu* liehl. deli'imination 
of total nectar sugar content ol a iu*clar samfdt* can only 
la* comlu{*t<*d in llu- lul Mirat«)rv. TIk* various clu*mical 
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hu'IIkkIs use<l lo analyze mniar sugar content are based 
eillier on chromatography (see siM'lion 8 helowl or 
s|»ectro|»lio(onielr> (c<ilorimetr>; see sections 4-T), wherein 
a change is delect<*d in intensity of color of a sample or 
snl>saniplc ot nectar. This color < hange is a ^‘siilt ol a 
chemical ivaclion that invoKes 4'oim>rsion of the nectars 
sugar to other (’oni))ounds. 

Oih€*r Ui^thods As well as tile spectropholometric 
and pafier-clinmiatographic leclinicjues detaileil lielow, 
theiv aiv other methods availahle including vnzymulu- 
analysis, ^as rhnimafograpin and hi^h-pressnre Initial 
chromaloisraph} . Because of the specialized 
instrumentation reriuireil, these three rnethiNls are much 
more ex|MMisive lo apply, ami will not lie pi*esenled here. 
For further information aUmt (hi'se otIuT methods, tin* 
reader is leferreil lo Krii kson ami JVNerson or Kmnestnlt- 
Kolianls el al. at the end of 2..‘h 

i) Spovirophotometry, 

S|M*< lrophotomelric techni(|ues differ in the infonnalion 
that lhe\ pro\ide. Some t an dt‘termine (|uaiilitatively 
the relative amounts of sugar com(Hments of a nectar 
sample. Below we give three spe(*trophotomelric 
methods for nectar analysis. The first two are the 
simplest and hence only provide tlu‘ total quantity of 
nectar sugar, whereas the third is more complex and 
can yield additional information about the relative 
abundance of dominant sugai*s in nectar. One of the 
two simpl4*st melh<Nls is usually siifTicient. An advantage 
ol the third prolmol is that knowledge about relative 
quantities of sugars may be subjected to artificial 
selection in plant Im^t'ding pmgrams. 

Nectar sugar I'onlenI b\ spectrophotometry can 1 m* 
4ie|ennim‘<l eillit'r using frt^shly colh'cled samples or. 
foi1unut<dy. wh<*n a gr<‘al numb<*r of slonil samphs^ cun 
l>e analvzeil at om e. A lai);(' niiiniMT of small w i( ks on 
which nectar has lieen previously gathereil and allowed 
to drv in air can Ik* stored al room tem(K*rature for long 
Im'HimU in a de>iccator. This affords greater ease than 
using the nnsat(*s of diliiletl iKi iai* recoveu'd Imin >haking 
flowers in water. The latter must In* storeil umler 
refrigeration or. Iielleryel. Imzen in vials that withstand 
freezing temperatures, lo ensure the prevention of 
microbial growth — which nonnally consumes sugar. 

The approprial(* volume of water to be us(*d for soaking 
each flower or eluting the <lrie<l sugar from each wick 
will var\ with the flower size and nectar pnHhiclion of 
the s|K*cies under investigation, but {*01111110111) falls In 
tin* range ol 1 to 5 iiiL. Delermination ol this water 
voluim* n*(|uirt*s prior e\)H*rim«*ntalion. (h*m*rallv. usi* 
the niinimum volume necessan. Iie< ause it is U*lter to 
dilute the rinsiile by measureil addition of water, rather 
than use sugar (*oncenlralion loo weak lo analyze. 

• ( siiffia /w/K7/e, a knaiin taliime ofrinsateuitraiviferml 


loa (wvltv. ihesfM’cial f^ass coiUainerin uhit h the chemical 
reaction iciil (H cnr and u hich u ill he placed eventually 
into the lif'ht chamlnr of the sfnu troplnitoineter. 

• light of a sfiecijted n avelength tcill he passed through 
the cuvette, and the ahsorlMtruv oj the solution in the cuivtie 
is measured automatically. 

• Hach {7/re//e must clean and free from scratches. 
Each nectar sample should he analyzed at least ticuv. and 
preferahly. in triplicate, and the mean ahsorlmnce then 
calculated. 

• Greatest accuracy is achieved if the ahsorbance 
reading is kept in the range of O.lO to 0.90. Prior 
exiierimentation itmdving changes in the total volume in 
the (Welle, in the amount <f rinsaie idai'ed into the (welte, 
the minimum volume retpiired in the cuvette to achieve 
ahsotiutnce readings, etc., to register routine ahsorhance 
in this range, is netessary: 

• Sometimes after the initial analysis, the rinsate is found 
to he too concentrated (i.e., ahsorlNince > 0.^/0). Then it 
must he diluted to achieve a reading. Remember to 
include this dilution factor and the initial volume of rinse 
ivater used, when working Ixwk from the standard curve to 
find out how much nectar sugar was present in the flower. 

5) PhenoU$sulphurie avtd U^st 
for iotai .vii^in 

\X.\H\I\G: Roth phenol (( arlHilic acidf and sulphuric 
acid (H‘}S() 1 ) at high concentrations can he extrenwly 
(rustic to the skin, and must only he handled with 
(Wtreme ( are by authorized hdmratory iwrsontwl. wearing 
adeffuate eve and cloth proU*ction. In ca.se of skin contiui. 
rin.se the anm rei>eatedly with water. 

a) Fi*e|ian* the m*<*tar samph* in wat«T. 

Filter paper w ii k — Soak the wick in a known 
volume of distilled water in a lest tiiU* or v ial. with fieriodic 
and vigomus shaking, over a 5 min t^riod. Bm ause this 
t«*st is stiongly t‘X{>tlu*niiic aii<l non-s<*h*clive, even sugar 
in lh<* fonn of lint or plant tissue. sm*h as |K)lleii grain.s, 
or flbii's IcKiseiied fnmi the wicks duiiiig shaking, can lie 
Imikeii down and measured emneoiisly as ne< tar sugar. 
Therefore, it Is sinmglv recommemied after shaking to 
ceiitnfuge tl«* vials {>r tulies containing the vvi<*k rinsate. 
to cause any such particles of {)oU*nlial contamination to 
s«‘diim*nt al the IhiIIoiii. ami tli<‘n to draw tin* ali((iiol to 
Ik* assayeil for m*ctar sugar fmiii llu* top {K>tlion of the 
centrifuge. 

■Ne(*tar collection by rinsing — Shake the flower 
vigonmsly in a known volume of distilled water in a vial, 
ami h*t it soiik for lo-fiO min. Transfer llu* rinsate Ui a tulie. 
and {‘entrifuge to remov e |KUliculate matter to the Uittom. 
If the rinsate was previously c{ille<*le«l and slorml fnizen. 
thaw it now. 

b) Using a pifwile. transfer a known volume of the 
riiisiiti* loa glass cu\{*tti*. F{>rs|)ectro|)holonu*lers iv<|uiring 
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a miniimiin voliim<‘ (»l H mL in tin* ciiveUe. 0.5 ml. ol 
rinsalt* works well. 

(•) A<I(I0.5 nil.of5f5^ plieiiol tollu* riiisiU* in llieru\«*Ue. 

(I) To tin* riivetlc. now acid 2.5 ml. of con(’entrale<l 
sulphuric a< id. lK*infi careful of ^paUc^inp. In this example, 
du’ iinal assay \olume is 3.5 mL 

e) Mix this hot solution thonnjghly (e.g.. a (dean glass 
nMi: care* must 1 m* tak<‘n not to scrati h tin* ctiv(‘tt(‘) and 
allow 45 minutes for a yellow ish-orange c(»lour to de\ elop 
at nxmi teni|)eratiire. Once develo|)ed. the color is stable 
for as long as two hours. 

0 M(*asure the ahsorlmnct* at 190 nin wavtdcngth 
c(»mpared to a blank containing the same volume's of 
tdieiiol and sul|)huric acid, but having water instead of 
rinsate. and calculate sugar cemtent from a linear standaitl 
rune. The standard curve, like that in Fig. 15. iscieated 
by ))lotling the al>sorlmm‘e's obtainenl against ({uantily of 
sugar analyzed after assiiying standard sugar solutions 
(i.e.. .sedutions carefully prepared of known sugar 
concentrdti(His). For instance, take 0..5 ml. of a 10 uM 
sucrose solution tpretwed by diluting l.OmLofa 10 mM 
sucrose solution [3.42 g suenese dissoKed in water in a 
l(MH) ml. volumetric flask| in *>99 ml. of water). Add 
0.5 ml. of 5*^ phenol (step c). 2.5 ml. of ll 2 S() j^ (step 
d). anel then measure altsoHmnce*. For final assav voluna^ 
of 3.5 mL. the functional range of this test is 0.1 to 1.5 
pg sugar (see Fig. 15). 

\\ hen |)reparing the standard sugar solutions, ideally 
the ratio of sucros(Vghicos(Vfructos(‘ list'd in thi' standanis 
mattdies the ratio of these three sugars in the nectar 
sjiecies being analy/ed. A semi-ciuantilalive melluHl to 
detei*mine the apfmixiniate ratios of these three sugar's 
is given in section 8). 

G) .\nihrone rpag<*iil 
for totai sugar couionU 

Tile anthrone reagent test is less sensitive llian that of 
phenol-sulphuric acid, and hence it is useful for relatively 
large amounts of tK*ctai' sugar', but ('an fall shod of (k't(*cting 
sugar with suflu'ient accuracy in lU't tais low in voliim<‘ 
or sugar concentration. Like the phenol-sulphuric acid 
test, the anthrone reagent reacts with all carliohydrales: 
nxHKKdi-and pilysrcclwrides, de\trins.de\lrdns. starches, 
gums and glucosides. Because the saccharides are by far 
die pie<loniinant carlxihydrates in nectar, lotid carlioliydrale 
content is assumed to represent total sugar content. 

a) Prepare the nectar sample in water, as in the [ihenol- 
sulphuric acid tt^st. Centrifuge the rinsates to avoid any 
foreign debris in the analysis. 

b) Translera known volume of the rinsate to test 1 uIh*s. 
Two ml. of rinsate works w(*ll |X'r U'sl tuU'. Tulx's with 
scn*w cajis are ideal for this test. I>ecaus<* at some stages 
the tubes will be subjected to a boiling water bath. 

c) To each test tulie add 4.0 ml . of fresh (0.2^) anthiTuie 
reagent. This n*agent is prefiared by dissolving 0.4 g of 
anlhmne in 2(K) ml. of concentrated sulphuric acid. 
Storage of the reagent in the refrigerator extends its usable 



Fig. tf). mil of rlm)matiigru|it)> |ia|K*r >|ki( 1 m 1 ul uitli 

iMn lar and staiidani sugars, after plucenn'Jil in ><*al«'d gla>s 
rlminlMT ronluiiiiiig solvent 


lif(‘ to oni' or two wei'ks. Howes i*r. as the ii'agi'ut darkt'iis 
with storage, it is im|M^r'ative that sugar standanis always 
are analyzed as well. 

d I Heat the test tiiliesfor 10 minutes at KKT C dxiiling 
water liath). A lilue colour dev(4o|>s. 

e) Aft(*r the U*st tiilies havec<M)led to room ti'nijieraliirt', 
transfer the contents to cuvettes for s|»ectropholomelrv. 

0 Measure the alisoi-lumce at 620 rim wavelength, after 
zeroing the spectrophotometer against a blank 
containing only water and anthrone n*agenl. The sugar 
content of the neclai' is ealeulateil fn>in a plot of alisorliaiK e 
versus sugar pie|)ai’ed from standard solutions. 
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Fig. IT. Kvaji)|)te> 4)1 |uj|it‘ri'iinHnut(igmitis dt‘Vt‘l4)fKil U4-4-4>niing in 
Itlock an<l <'nlliilM>ruti>rs 


7 ) \vid hgdnpfifsis iosi — rpdiH*ttig sttgars 
and suvroso couioni 

\\ ilh this ni('th<Ml tin* amount of n'diieing sugars (mostly 
glucose and fnietose. although maltose is found in some 
nectars) is detemiined Uith liefore artd after siibsaniples 
are subjected to acid hyilmlysis. Tire af)|)areril sucrose 
content of the nectar is calculated as the difTerenee in 
sugar quantity lietween the two assays. 

• fM^mn'the luxiar.swniile in mtitr. as in tlu'fiimuJ-siJfJinru- 
acid text, asing at least 2.0 mL iiater. (Centrifuge the s<miffle. 
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• f^irfMirr the a siflufum of 3, 5 - ilinitnKsoliryltr 

m id. as follons: .1/ room IvmjKTaluiw dissoltv I f! of this 
m id in 20 mL of 2 A smfium hydroxide ( \aOli) and 50 
mi of distilled u aier. Then dissolve 30 p: (f Rochelle salt 
fthesiMlium-iMitfOisiumsalto/d-lartarirmhl. \aKCfH.fO(y 

• 4H>)Ok and make this solution up to a final volume of 
100 mL hy the addition tfdiMiUed water. Cover this sidution 
to pnttecl it Jhnn carlton dioxide of the air. 

• /l.wr/v if Reducinf! Sugars: 

Add 1.5 niL if the reagent to 1.0 ml. of the rinsate and mix 
well in a test tulw. hwuhate the mixture for 5 minutes at 
100^ C (Itoiling nxiter Ixtth I: a brown color dendops. After 
vmding to room temfwrature. transfer the .wlution to a 
cuvette, add 2.(t mL of distilled water and measure 
sfKWtrofdwtometrically the alkiorlxince at 5U) nm (green 
fdten agaimit a blank rttn.sUting of water ituitead ofruvaUe. 
The vifuteni of reducing sugars in the rinsate is 
deiennined fnxn a standanl cunx' prvfHin^l u.sing i^fuimolar 
solutions of the reducing sugars glucose and f ructose. 

• . V of Total Sugars: 

Aihl l.b mL of 2 Y hyilnwhloric acid IllCJt itt 1.0 mL 
of the rinsate in a test tulx^ ami incubate for 5 minutes 
at 100^ C. This pnwedure converts any sucntse present 
intit its mitnosaa haride citmfHtnents. gluatsi’ and frucUkse. 
Then add 1.0 mL of 2 . V \aOll and 1..5 mL of the 3,5- 
dinitritsalirylir acid reagent, to achieve the final 
talume <f 4.5 mL This solution « then heated for another 
5 minutes in the iHtiling water bath. After cooling, the 
solution is transferred to a cuvette ami the absorlHtnce 
read at .540 nm watelength. 

• Calculate the amount of.awntse in the nectar samftle by 
subtracting the content of reducing sugars from the a.ssay 
of total sugars, alnwe. The method canmn distinguish 
fnwtose from gluco.se. In most nectars analyzed to date, 
lunvenw, the raliit if these two reducing sugars is usually 
at iw near one. 

H) Papc»r €*hnn»miogtHt§>hy» 

l!lirom;tlogrijphy is an exrellenl lec-linique lhal allows 
ihe separalioii ami ideiitificalioii ol coniponenls (»f a 
mixture in a solution. For neelar analysis, paper 
chromatography has long heiMi a useful tool to 
(lelcet the various sugars present in a sample. Lnlike 
the a<‘i(l hydrolysis lest, this technique is not able to 
yiehl accurate quantitative data (such as the |>er cent 
sucn»se in the nectar) Imt can give some indication 
uh«‘ther tin* nectar is dominat<‘d hy sucrose. The test 
is also used to determine il the ratio <if glucose to 
Iructose is \en far frtmi unity. 

The mt'thiMi involves^ "siMtting"*. using capillaries of small 
amounts ol ru'i lar. Ntn lar s;imples and slandani sugar 
solutions (sucrose, glucose, fructose, and maltose, if 
a\ailahle)are *s])ot U*d onto a laige sheet (e.g.,.S()cm x 45 
r-m) of clmimatography or fdter j>atx‘r. along a laheh*d 
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Fig. 18. achipttnl inmi ( !oHm >1 I U'K'tl indinn'tly 
il«‘moii>lr:iU‘ n'al»s(»r|)li(>n (amm in rimliile plott of lU'iiar sugar in 
flowris of Echium. See texi for explaiiaUiHi «»f .Sv^trnLv 1 2 

liiiseline. Ten jig ol sugiir, or one pL of a \% solution, is 
sulficient for siandanls. Once the s{m»Is have air-dried, the 
sheet is rolle<l into a cylinder and the veiy lx>tlom edgt^ 
is plac(il into a soKenI insid<‘ a laigi^ glass vessel (Fig. 
16). Prior ex|M*rim«*ntali(m is ne<*essar\ to ensure that 
solvent lu‘ight in the vess«*l is well Ix'low the cvlinders 
baseline hearing the spotted nectar ami standards. 

Tile |»a|)er cylinder inciilKiles inside the chaml^er. sealed 
on lop with a glass jilate and tilaslkane or vaseline, for 24 
h at 25 to The solvent front gradually rises and 
ciirries sugan< vvilli it. Hie distant'e trav elltnl uj) i1h‘ cvlinder 
hy the sugars, ami the degn^e of setmration of the nec’tars 
sugars, depend on the heiglit of the iwifier cylinder and 
the tyjK* of solvent usevl. 

Satisfacton suppuration of the sucnise. gluciise and fructose 
of nectars has l»een achieved using either of the f(»llowing 
solvent systems: a) hulanol/elhamil/water in a mtio of 4:2:1. 
hy vjilunu*. and h) n-pn>t>am»l/ethyl aretate/vvaterina ratio 
of 7:1:2. hy volume. 

After the solvent front has reached the top of the 
(‘ImmuiUigram (|io|)t*rc\limler). tliecyliiKl«*rc*an lie mimwixl 
Inan the sealed chamU‘i*. sIimkI upright, and allowed to 
airdry for hours at nKWii terntierature. niereofter. the 
(‘hromutogram is mist-sprayed with a n*;igent ronsisting 
of a 1% solution of |vanisidine hydnichlorirle in alisolute 


118 


Copyrighted material 




(if H4liium fJonhifrineum liilx-lli'il s\ilii ulrnlil\iti^ Ui|ir ;il Irll ii llimiToitcM fur iiiM'rt ill ri^lit a 

(]mvrr pmltvlnl inmi \ h) larur 


2 JtJt ff<*<iiviiritif| KaU>s of %oviar 
S€*€‘$H»iio»t A K<*.vorpltoii 


rlliaiiol <r.g..0.5^ |i-atii>i«liiu‘ liylnM-liloi iiir «li>Hil\r<l in 
r)0 ml. 4'lliaiiol). Till' rlimmato^raiii i> ilirn hrated in a 
7.VC i»\rii Ini one-hall hour. 

Apart Irnm the dislanees llie\ luue IraxelliMl (roin die 
l»as(‘line. idiMililiealion o( the* sii«;ars i> a.''>isU‘d liy dieir 
eliai^u'leristit* eolnr in*aelion> v>idi die i^'a^eiil. 'Hie >|niI 
o( suero>>e. wliii li IraveU least, and dial of Irm ln^e. 
ulii(’li mip;iule> failher ihan die ^lneo>e >landanl. holli 
slain yelhm. In eoiilrasl. the >jKit nr«:hieit>e ^lain^ ilaik 
Immn. Kxaniple i lmnnatnpams are dia\Mi in l i*:. IT. 
Judging ln>ni die of the >ii»ar -|iot> of llu* neetar. the 
eviidale aiial\/(‘d on the lell ehmmato^niiii is loiiiid to lie 
siienise doininanl. uilh niiiior anioiiiils oi ^lueost* and 
friK’lose. wherea?- the nei lar assayeil on the right 
ehmiiiatogram eontains Mime Mien»e IhiI i> doininaled Iin 
die nionosae('haiide> ghu ose and Inieto^e. Keeau>e in 
Imdi ehmnuitograins the inono>aeehani In?* ha\e >iniilar- 
si/ed >|H)t>. their pn)|HMlion> in th<‘ lU'etars an* dien*lore 
appm\iiiialel\ e<(iial. 

II th(‘s| Mils Main \\eakl\. it iiki\ In* |Kis>ilileto]M‘ltereliieidale 
llu‘4'hniMUitogiaiii li\ t*\aniiiiing it e\[xw‘d IoiIm* hull i of an 
iillrax inlet lamp. nnd<*r whieii the s|m)(> will lluon’see. To 
fmn'oni i*yv mnir a rvrtmmwmh’il .sri/efy 

for tlip rve.s. or take rare nol to start* at ttw hath. 


Plaiil spi'eiesean \an liemeiHhni'^K in llmu*i size ami 
rnorpholog). and in die loeation and aiialoni) nl their 
Uoral neetarie>. Thus it is nol >iirprising that 
eharaeh*riMi( pro|K*ili(*s of ll<Mal neelais. sm-h as Nnhiim* 
and sugar eom entralion. aUo < aii ililler draniali< all\. 
K\en the relali\<* ()iianlitie«. of \aseidar lisMie t phloem. 
Ies> ort(*n aeeonipaniml h\ \> lem) that ent(*r lh<* glamU 
til diilereiit species, can inlluence the sugar 
eom'(*ntration ol rre>hh N«H*n*led nei lar. Kaeh ?*p4*<*ie*» 
ha- il> nw n initial nn lar sufiar ntnrrntrafion. coinmoiil) 
in tfie onl<*r ol .> In Nectars taken h\ lnragf*rs at 

(InwiTs are umuiHn helwi*4*ii !5and()(K/f sugar. Ih*>ide> 
tlie piopeiiio inher<*nt to imlividual species. iiiaiiN 
«*n\ innimt'iital lai tni's inllitence m*<iar sugar puHluctioii 
and <‘\enlual com eiitration. including suidighl. 
lem|M*ralure. hinnidit\ and plant nutrition. 

To imiletslaiid motealN>iil ni*clar pitNiuelinn. other as|H*cls 
ol llowiT ••U-Iku ioiii**an‘ woilln ol in\« Aiisweis 

|uiili<*ular i]ueslion> — *\\ h«*n thn's mi tar S 4 *< relinn 
c4miim‘iicer. ’Is sei retiiJii continuous or ihN*> it stop at 
some time?*, and ’ \iv lheiv4linen*n<-es in the raleni mi tar 
sti retinn or ivahsoi-|ition dunng the* lile of a noun?* — 


of (AtUiuilvti Plants in tin- Tro/iit .t ) !<> 


< un provide nieaniii^iil details alK>ul patterns ol lu^iar 
pn»duetion in the s|>eejes under investifsation. 

'Hie (|uesiion of clianges in rales of floral nectar stH relion 
aiKl leaijsoqHion now has U***!! addrcsse<l in se\eiul s|ie< ies. 
\ res«*an h slrale^ |KirliculaHy suited t(» im»*stij£iUe these 
rates under field conditions has l»een einplouni by CorlH. 
Delfosse and Bilrtjuez. This niethodolo^ involves two 
systems utilized in tandem. Ilie systems aix‘ similar in 
that they both imolvi* sonu^ sort of <*xcliision of fl(»wer 
visi(o|-s, so as to a\<)id umvariled nectar lemosal. The 
sysletns differ in that one of then re(|uires camful. iei)eated 
sampliitg of tJie nectar) of an individual (lower— a practice 
that may ri'sult in injur) to the n<*«'tar gland. (*s|MHaally to 
those nectaries situated out of sight, at the flower Iwse. 

In System L many (lowers of a young and identical stage 
oragr* li\»ms<*verdl plants are lalx*h*<l or tagge<l(with pi«*c«*s 
of drinking straw, coloured ta[)e. string, etc.), and thereafter 
cage<l (»r Iwgged in the Ctiriy morning. l)Hbre (lower ^ isilors 
arrive. For plants w ith (low ers that o|)en and attract visitors 
at night, caging is pe‘rfonne<l l>ef(>n* niglitfall. After the 
initial caging. iitHiar is colh^cted from 8 to 10 piiwiously 
undisturlie<l Ut^e<] flowers from theciige at each of several 
sampling inter\als (e.g. each 2 hours) thmiighout the 
flowering lifetime. 

System 2 involves the sampling of a fresh bat<h ol 8 to 10 
(lowers in pievKHisly undistur()e<l plants in the field. Here, 
the stage o( flower samph'rl should clost‘ly match the stage 
altaini*rlat that tiiiwd)) (lowrisof.SyN/em /. After all m*ctar 
is rennwerl. the flowers are tagged aiat covererl (iKiggtHl). 
I>eldie they are sampled once again. alMiiil 20 to min 
later. The volume and concentration of ne< tar initially 
gatlK'H'd to empty llusie flowers yields an estimate r>f t(»tal 
standing civrp of net'tar at lh(‘ sampling tini(‘. 

Using this technicpie. three components ie(|iiire 
measurement: 

1 ) 'nK* slatKlingcn»pofiu*< tar ill (loweisexixjsetl to visitors, 
(diaiiges in this com|Mment at diffeienl limes of the day 
or night reflect the ivlative rates of gain by secretion and 
loss b) n*absor|)tion and/or mmoval by visitors. 

2) The rale of nec tar secretion in floweisol System 2. 1 his 
measurerirent is likely to be an underestimate if scnne 
nectar is real>sorl)ed during the brief Iwgging |)eri(Kl. or 
the* net lar*) is injim'd during initial gathering of ru'<'tar. 
.’i) The rale of change* in (juantity of U(*clar. ami lherr*h»re 
the iret rale of se<*it*llon and/or ivsor|)lion. in llowc*rs of 
System 1. Since each (lower Wiis sampled for nectar only 
one*e. there are no injur) effects here. 

IMols of lht*s<* components, like the one (Fig. 18) 
p«*i(oi*med (dr Eeluiim pfautagineiim (adapted from 
Corbet and Delfosse) allow pericnls <»f high rales of 
secretion and reabsorption to be recognized by this 
indinM'l rm*tluKl. 


Various physiological sludi<*s involving the appli(*ation of 
radio-lalH‘h*d sugiu- to n»*ctaries or to nectar in situ have 
given direc t conrinnaliou that realisoriUiou c»f sugars by 
glands can lake place. However, in some species, 
rcHlamation of all uncolh*cted nevtar sugar may not iKvur. 
"fliis can <H*cur w hen the comlla of an old flcmer finally 
falls off and carries with it the lesidual neclaithat no longer 
contacts the (lowers jiersistenl nectar). 

Other constituents l>esides the sugars of nectar can l>e 
malisorlied fmm standing nec tar. Radio-lal»eled fonns of 
some amino acids. fi»r exam|)le. have shown to re- 
enter the (lower alter l>eing ext>erimenlall) uddcnl to floral 
nectar. How ever, low quant iti(*s of amino acids in nectar 
may not always U* the result of reabsoiiUion — highly 
develofied nectaries, consisting of aggregations of liiclKimes, 
lend to produce nectars low in amino acid content. 

2J1. I A Brt^vding ior High 

Verfar Sttgar Pmditetian 

\ari(*tit*s or lines of crop plants can dilTer mai’kedly in 
mam traits, including several as|K*c*ls of (lowering. .Selection 
of varieties or lines that yield high amounts of (loral nectar 
can l>e useful for increasing f(MKl pnKiuction. A higher 
t|uanlily of nec’tar sugar can increase attractiveness to 
|M)llinatoi's. n*sul(ing in improvement of tiollinalion. along 
with isitenlial increa.ses in fruit and seed set. Honey 
tinxluctiori. liee colony strength, and |M)llinalor fiofMilalions 
als(» In'iiefit (nmi lesouives of a high*‘r (|uality. 

\\ hen making nectar com|uirisons UMweeii plant varieties 
or selections. Shiiel ( DW)) emphasized the need to grow 
the plants (preferably siiiuiltaneously) iimler conlndled 
conditions. This helps to eliminate variation due to 
environmental factors. Also, it is essential to 
standardize procedures of nectar <'olleclion and 
im*asun‘m<*nl. Flowers sluaild lx* sampiml (dr net'tar at 
the same time each day and must l>e of the same age, to 
ensure unbiased comtuirisons. 

To avoid eiTors in measurement of nectar yields, whic h 
may result from ne<*tar withdrawal by insects, plants for 
suc'h com|>arisons are often gi'ovvn in gn*enhouses. The 
highest yields may be lower here than under field 
( ondilions. but relative |>erfomiance l»elween variants is 
usually maintaim*d. Allenialive methcMls to exclude nectar 
i*olleetion by ll<»wer visitoi*s itu'liide the caging of stweral 
plants in the field or plot, and even the bagging of many 
flowers, on in(lon*scences or as indiv iduals (e.g Ax /num. 
Fig. Hi). Because each exclusion tec hnicjue introduces 
uni(|ue variables in maent- ami micnK'limate, coiii|)arisons 
are meaningful only if the siime pmc*eduie has |)een utilized 
for all selections. For compaiative tests, nectar yields 
usually aiv l>ased on nectar sugar acrumulaliHl over a 
certain |>eri<Kl (generally 24 houis). llie choice of duration 
will van. with sf)ecies and de|x*nds on factors like floral 
longev ity and m*ctar sugar n*absoq)tion. 
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Although then* is still ^rrat poli'ntial in this field oi 
reseaix h. sigiiifiranl disco\eries have aln*ad\ lxH*n made. 
More applieations for lurtar hn^din}; will surface when 
our knowlcilpc of the process of nectar seerelion 
lH‘comes molt* complete. Most attempts at sele< lion for 
nei‘lar sii^ar pnMluclion have licen made empirically, and 
these iiu'lude assessments of the luimher of Rowers |>ei 
plant, till* mimher of llowerinji periods fM*r year, llower 
color, anmui, sizi*. re< (*placle {liameler. voluna* of functional 
phl(K*m in the flower stalk (|N*du*el). an<i mimlN*rof larlan 
stomata. Si>e< ies of the le^iminosae have Ikm*!! studi<*d 
most extensively. 

Kt*ganiing llower coh>r. honeylH*i*s weit* found to pit*fer 
(‘lonesof lWfcog'o.w/no that had puqilish flowers rather 
than yellowish-git‘en on(*s (tin* latU^r temkxl to yield low(*r 
amoiinls of nectar). Floiets w ith yellow -giv«‘n petals w<*re 
also found to have a musty smell, which may accouiil for 
their relative unaltracliveness to :\f>is mvUifera. Also, 
weakly-scented flowei's Idtlus romiatlalits priKluce 
relatively little nectar. They can lie rejecteil e*arly in tin* 
artificial selecti»m pnx ess for imjiroved nectar sugar 
pnxiuction. 

riieix* isa methiHl ofselectiiHi for nectar |mxluction. Itasal 
on jhmvr sizi*. that is verv practical and may Im* suitable 
for a wide variety of s|K*cies. Hy inseiling the bases ol 
flowers into a template (pneviousl) drilled to pnwide holes 
of increasing iliameter). one can rapidly screen lin<*s with 
the largest flowers, flowers of Ijolns rt>rninil<t{us that 
pnMliiced the mc»sl m*clar had the laig(*st <liiuneter. Alfalfa 
clones with the givati'sl nx i'frtach* dianwter also yi(*ldcil 
the most nectar. 

'I’he final two paranietei-s. nectar) stornalu and phhM*m in 
the l1ow<*r stalk. iv(juiie micitrscopy and lienc<* are not as 
practical, but still jMrteiitially ver) useful, in seh*ctionsof 
biitlsl<M)t ln‘(ii)il a strong relationship luis lxx*n (k*monstrat(Hl 
betweerr ireclar >ield ainl the (jiianlily of phloem in 
cross-sec tions of tlie flower stalk, lluU is, flowers pnKliicing 
the most i«*ctar wen* those that appan*ntly could n*<*(*ive 
the greatest (]uantiti(*s of photos) nthatc*. 

lim*stigulions of the n*lati(Mtshi[> lM*twc<ii numUTof ikh'Uux 
stomata and floral nec'tar prcMluction now have been 
conducted in three legume s|>ecies. Kesulls obtained with 
Ijjtus comiculatm and »itira were inconclusi\e. 

\n\lcta falMi. however, an imeise relationship was delected 
— those [)lants with the/nrgex/ numlieroi n(*clai'\ stomata 
|H*r gland pnKluce<l (he fou/^st quantities of nectar sugar. 
Therefore, lor breeding piiqK>s<*s. one should not sec*k 
(ilants whose floral nectaries l)ear relatively laq:e nurtilH^is 
of stomata. I ligh stomata) numl>er might l>est lie av(»ided. 
if tlw* ivsults for the falw bean an* ap[)li< able elsewheie. 

As well as selection for l(»tal nec tar sugar )mKlu( tion. 
similar eflorts can be diivcUxI at s<*I(*cting for dc*sirablc 
sugar types in nectar, for instance, sugar solutions 
(mimicking nc*clar) with \er) high pn)|M)tlions of glucose 


and fnietose. but veiy low in siicnxsc*. have leiidc*d tc» 1 m* 
less alliiic live to hone\hc*es {Apis meflifera) in fc*c*ding 
l«*s|s. Plants within a sfH'c ics might have gix*atcT ap|M‘al 
to these* insc*c‘ts if their m»etarwc*n* iic»l so ric-li in hc*xose. 
furlhermore. nectar of Hrassicaceae is notorious for 
higli glucose* contc*nt. Honey prodiict*d by I. nwllifcm 
fuHii suc'h iicx‘Un'c'i\staili/('s(grariulaU*s)<]iiic‘kl). a plivsical 
pmfierly that <*an Im* a iiiiisimce for honey c*\traclioii from 
the comb, and also causes a reduced shelf life of bone) 
ill the ii(|uid .sUitc*. 

E*oihnu .tnUiers & Dehtsv^m^e 

Anlheis an* the tloral oqauis tluil pnxluce and house* |miIIc*u 
gi-dins which contain the male gametopliylt's or nuclei. 
Alllioiigh tee linically incom*c*t. the* pollen grains may be 
considered roughly the* plant c*(|ui\ale*nt to animal 
s|)eniuitoz(Mi without tails. KaHy wilbiii the floral hud stage. 
(M)llen iiiicnisjMmigenesis fmru mother cells <x‘curs within 
the young anlhc*r lcM uh*s. 'Hu* pollen grains are eve*n 
nourislic'd h) the andiers. It is at this time that grain> 
also take on their final slmclural details and ac‘c|uirc* a 
li|M)idal/carotenoid ccniliiig known eis the suriace ]M)lienkitt. 
Antlieis may lx* lelatively sessile or alta(*he*d to long thin 
filaments that e*\tenil the anlli(*rs lx*)ond the floral [x*rianlh. 
d1ic*y almost always consist of two c hamlxMS. the* Icm uIc*s. 
ill whit'll the* pollc*n grains an* pnMliU‘c*d and from which 
they are n*lecised and (*arrie*c| away l>) >c*c*loi> such a> 
wind and water or animals including lx*es. wasps, (lies. 
Imttei'flies. I)eetl(*s. hinls or hats. 

During the tloral life hislor) the aniheis split (known as 
dehiscence), o(K‘niiig along a pre*determint*d line ol 
we*aknc*ss. the* stomiiiin. to n*le*aM* lhc*ir pn*c*ions eargc». 
riiis longiliidiiial stomialcMiiseviKecxcursand the Icxiile 
walls fold IxM'k c*\|Kising the |x>lle*ii to insexis and o(hc*r 
floral visitois. Polle*n is then shed |n*memlx*r ifial anilieis 
dehisce* hut ixillen is slu*d|. 

\nthc*r dc*hisc*c‘nc‘i* is laigc*!) mcxlial(*d b) <*m itoiimi'iilai 
Immidil) lt*\c*ls sii(*li that dehiscciicc* oftc*n take's plac'c* 
during the* dric'sl time's ol die da\. \ linli*-unile*rstond 
atHlex{iiall) im|K>i1aiit factor llial (‘onlmlsantlie‘rde*hisccnce* 
is the umounl of water (turgor piessun*) iiu'cliaUxI b\ the 
su()|Knling anther filainenls (see Schmid eX \lfM*rl. P>77 
for a (leliiilexl explanation of this, callexl Bun*ks byjx>llM*si> 
for anthe*r dehisce *nce*). 

Ilan*l) <!ex*sanlhe*rdcliise e*ne e*de*|xir! fnim the* Ivpic al full- 
le*nglh slomial mptuie |xitle*ni. .Sime llowering plants liau* 
anllu'rs that dehisce by means of valves or flajis of tissue* 
(such as in the Be*HK*rielace*ae). The* only ollu*r major fonu 
of anthe*r dehiscence eonside'n'd here* is the* wie!espn*ad 
l)pe known as poricidai dc'hiscence*. which occurs in 
mam e-no|) plants. VUmt H-^/7c ofthe‘We>rl<rsllowe*ring plants 
have liiglily sjxx*ialized anllieis. that do not eleliisce* aleing 
the* e'litin* le*ngtli e>f the* l(M-iile*s. Insh'uel. the*>e' lloral aiilhe*rs 
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(leliisc e hy tiK*iins n( Iwo small |miivs. or trar-(lmp >Iui|m*<I 
)Ti|)tiin*s — llu‘ only (»|X‘nin^ uhirli |M>llon ran 

Ik* slit'ii ami ma<ir availaMr lo the 1 km* {Millinalors. 
Tn^piral anil teni|>era(e Nossorns of this l\|ie (exempliliefl 
l)\ the ‘lenem; Hixa. O/xc/V/, Cyplwiiuimlm, Lyn^n^mvon. 
\h>fasUmuh Sf>laimm. \(iaviium)i\w usuall\ '/W/e/i-<wi/y“ 


flowers whic h fdve no lloral nectar hut have alHinclanl and 
[miteiii-rich small. **dr>“ tK>llen grains. 

Pollinating lx*c*s. mainly iN*longing to the Antho-phorinue 
tas well its tmpieal Homhits. Melifutna, fiuf^lassa, Eulaema, 
aixl l/«e^''(7/o.sijine(-(»lleti(ls and itiany halic’tids) 

are the usual visitors of flowers hearing porieidal 
anthers. Kor as yet unknown reasons the honey hee 
genus . Ipts' and most slingle^s Iwes do not use this fonii 
of |)ollen hanesling and eolleet it using other nielhiMls. 
The laigi*. n)hust l>ees use their inilireel flight nuiseles to 
litenills liei ome living tuning forks. 11ius. the small, dr) 
jMillen is forcibly ejected or "sonieatpfr in an efllcient 
manner by Imm*s that rapidly harvest the |>ollen. Pollen 
fnmi Sftlanum. deadlv nightshades, has the liigliest pmtein 
level (1^ to .V)9f ) of an) anglospenn |>ollen anaKzed to 
dale. W hile sonicating blossoms the l>ees utilize stnmg 
vibrations which, as a by-prcKluct. pnKluce amusing loud 
sounds — hence the nanii* "buzz poi!hiatum“. Anthers 
of buzz-pollinated f)lanls are large and may fomi a c one 
or brush around the pistil. Ihe anthei>i aiv ollen a blight 
\eIlow, contriisting against a blue or white |M*nanth. I his 
is pn>l»ably a mechanism used to attract |H)llinators. since 
the enlarged anthers always give the apfu*aram*(* of 
abundant yellow |>ollen. twen when th<*\ contain none. 

Pollen is not always released fmm dehisc ing anlhei's as 
single grains, or monads, but is often shed as a unit of 
adhering grains (such as the polyads in the genus 
AaicUi) or in even nmx' elaln>rale shnnk-wra|>|)cd |Mckagc*s 
called *7>o//i/iiVr* found inon hidsand milkwecxis. Tliis 
]M)llcMi is not uscil by U*es orothc*!' ]K>llinators as IimkI but 
the )M)llinia aiv transferre<l b\ insecis and binls as they 
fl) between flowers. The study ol {)olleii dispersal and 
rc^cei|)t are greatl) lac ilitaled in angiospenn taxa lK*aring 
pollinia. oft<*n identifiable to s|M*cies even without the 
aid of a miciosco|K*. 

Polf<»ii licibifilii citHf 

Many floral biologists assume that |M)llen is always viable, 
each grain having the same chances of genninating on a 
stigma. sc*ndingdowna |N>ll«*n tuU*. and l(*ililizingov ulc*s. 
I1iis is often not tin* case. Workca's sindving pollination 
systems should strive to understand how long |M)llcn gniins 
remain viable within anlheis and while* n'siding on vaiious 
animal |Millen vectors. V\ h«*n jHillen is slied fn»m aniliers 
following anther dehiscence, the individual grains. |K)lyads 
or [Millinia l>egin a complex joumey that may last many 
days. Ilie usual sec|uenceofc*vt‘nls f()r {M»ll<*n giainsoecuis 
in the* foll(»wing onler. u) |M»llen airives at a stigma via 
abiotic* or biotic v(*(*tors. h) atlacliinetit and adhesion of 
grains to stigmalic suifac e is c'ontnflied b) chemical 
(*ompc)silion of l>olh stigma and pollen, rf hvdration of 
pollc*n grains cK curs and stigmatic papillae* rc*c<)gnize the 
giain ascom|>alible orfomign.c// the j>ollen geiininal |x)res 
(a|>erlures) open, and full hydration takc*s place*, e) the* 
fx)lleii tuU* emerg«*s and U^giiis gn>wingdown the stylar 
tissue (if no iiu*ompatihility mec'hanisnis previ'iit such 
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gn>wlhK ami /) ihe gnmin^ tul>e readies ilie ovan and 
nuclei ait* deliveitnl in the ovules to pnxluce a fertiliz<*(l 
zygote which will Imh'oiiu* u si*ed within a fmil. 

One cannot tell just hy looking at [M»llen grains whether 
they are viable or ca|)al)le of geniiinating ii|xm a stigma 
and eflec'ting lertilizaition. During its long journey froiii 
protective anthers to a recepti\e stigma the jMillen grain 
may be exposed to hostile external eiivimnnients that dr) 
or wet the grain. However. deli){lral<*«l. >lminken grains 
often land ii)M>n a moist stigma, ndiydralt* and usually 
send down healllu ]M)lleti tuU's and mieeli. In most <*as<*s 
the key to understanding w hether a grain can successfully 
fertilize ami ovule is poUen viability/fsenitmahility. 
\arioiis in rim geniiination assays and in W/rr> diemical 
tests have Ixvn d<*\»*lo|Xil to gauge lhes<* as|)ects ol | Milieu 
vitality. Mie most obvious and pmlwbly the imist accurate 
metluHl is simply to tieifonn iiund |>ollinations by placing 
fresh pollen onto receptive stigmas for sligiiiulie 
reeeplivily tests see Seelion 2,1). One needs oiil) 
to know that the stigmas are indeed recef>li\e. Se\eral 
hours to many days later, depending u|)on the crop 
species, pollen lubes <an be seen within the stylar 
tissues and counted. Alternatively, lollovving hand 
pollinations, the resulting fruit can be weighed or 
counted, as well as the seeds within. 

.?) ffiiiiitiiim p<>r fmil* 

Another assessment that is rarel) made but nonetheless 
valuable is to delennine the minimum numlier of |x)ll(*n 
grains jM*r stigma that will n*sult in s<*tting a fniit. \\ ilh a 
micmscojx* for counting |)ollen gimns. one can (k‘tenninc 
the luimiMTof grains m‘4‘d<*d to pmduce a mai'kt'table fniit. 
Using a fine paint brush, or tiMilhpick. vanous amounts 
of tmilen are a<lded to receptive stigmas on floweis 
within Ixigs. whi(‘h aiv then idiagge<l loe\(’lude|iollinalots. 
Wait until the flower begins to wilt and then harvest 


these stigmas, fhev can Im* ac4*tolyzi*d or simply placeil 
on a niicrosco|>e slide, with an appropriate |»oIlen stain, 
and tiu* stigmatic |x)ll(*n loiid (|uanlilled. Hie fmit resulting 
fmm the same llower is left in place ami labeled, in order 
to coni|Kire the detennined [xillen grain load an<l (juality 
ol thelniil pivNluet'd b\ ihisaimiuntol [xiilen.. \ "stigmatic 
loading ( ill's e“ might Ih* useful to assess the mininmni 
niinilM*rol grains mi*ded toeiTiHi ieililization or to pUKluci* 
a fniit or seeds of the desired size. This inlonnatiou is still 
sen scarce for main croj>s. 

Traditionall). I1<»ral bioksgisls havest'Idom |M*rioiin(‘d hand 
IMillinations (see Section 2.3. I| — which jirovide a way 
to iLssess not onlv |x»|]eii function but stigmatic receptiv ily 
as W(‘ll. .Ml l(K) ofU‘ 11 . in vitro clu'mical assavs of |M)lleii 
gemiinabililv (=stainabili(y)aiv rt*lu*d u|k)|i. with mi\ed 
results. Pollen geniiination also can lie studied In placing 
test [M)llen on various agar-liiised cultiiie media or 
.sucitise solutions. ni(*>e are n*lati\ely elalMirate tests and 
will not Ik* dis<*uss4‘d in this chapter. Forinanv vearsoue 
chemical assay was used \ei\ widely to detennine |Killen 
vicibility. niis is the so-callt*d "(Bolton IMue** (aniline blue 
in lactoplu'iiol) U*st. This widely used ( hi'mical assav 
sup|M»4‘dl\ stains viable |H>llen a bright blue, based on 
staining the callose laver. and inviable grains either do 
not stain, or thev take up the dye veiy slightly, i nder viosv 
srnifiny. this tvsl fails fa yield arrurafe results far many 
fhmeriufi fdants. We do not n*commend its use. 

rhis and other chemical tests inav exhibit a low ( omdalion 
with it'al [M)ll<>n g<*nninability in vivo. P'uilh<*iinoi'e. thev 
complel(*l\ miss the im|Kii1ant role of the pistillate flower 
in deterniining whether or not [M)lleii gennination and 
fertilization (Kciir. In summarv. the use of various vital 
dyes (e.g. I'/J- methylene blue, neutral led or aniline blue) 
should 1 m* used with tin* utmost (*autioii sim e pollen 
slainabililv defiends not on the tnie v iability but on the 
grains' content. In some ciuseseven long-dead (Millen fioni 
iu‘rlurium s]N*ciim‘us pitMliici* n'actions w ith (*(*i1ain dv<‘s! 

.'Several additional chemical tests have l)een used to 
measure pollen \ iability/germinabilitv with better 
results. One such chemical assay. Alexander s stain. 
has bt'en used to distinguish alK>rt(*d fnim mm-alH»rl<*d 
poih*n grains. (Only tlu* non-aboi1(*d grains havt* the 
chance to fertilize ovules). \ recipe for the 
modified Alexander's stain and discussion of the 
modified priM ediire are given here — 

• lO ml ethanol 

• lO ml Malachite (u(*en ( I ml of I7r dilution in 
(‘thanoll 

• .lO ml distilled water 

• 2.3 ml (dyeeriiM* (glycemi) 

• .3 g Phenol < (iulian as ithenol ran eause seven’ 
skin Intrns) 

• .AgChloral Mvdra((*(acontn»ll(*dchemi(\il substance 
ill some countries) 

• 50 ml Fuchsin (.5 ml of \^/( acjueoiis s<»lulion) 
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• 5 ml Orange (i (0.5 ml of 1% aqueous solulioiO 

• 1-^1^ ml Glacial Acetic Acid 
MelhfMl 

a) Mix all of the alnne ingredients in the »)nler giveti 
and store the ix*sulling mixture in a bmwii. or aluminum 
foil*urat>})ed lx>llle. at mom l(nn|X‘ratim\ llie stain solution 
shtHild liist alxHit (Hie iiKHilh at nxim teni|)eraluiv. or longer 
if n'frigeraled. It has l>een suggested that more glacial 
acetic acid should he used depending upon the 
thickness of the |Millen grain walls, up to 4 ml for thick- 
walled }K)lle. 

h) Pollen graiivi to lx* tesUxl tue placed on a niicn)sco|)e 
slide to which is aikhnl a drop of stain. A eoverslip is 
added and the slide may lie gently waniunl o\er a small 
flamt* from an ah’oliol lamp. Noiealxirtive grains should 
stain red while alxulixl grains, ku'kingfum'tional ('vtofilasm. 
will apjiear greenish. 

c) At this time the grains should lx* examined under a 
mi(*n>sco|x*. 11 no color difleientiution is ap()orent. then 
th«* slides should lx* kept at 50°C for 24 h and re-(*\amincd 
later. Hiis chemical lest often gives highly |xx^itive n*sulls 
forgenniiiahility. which (xcurs l>ecause (*) tofilasrn within 
grains is no guarantee that the grains are indeed viiilile 
and W(Xild germinate and pnxluce }x)llen tulx*son a stigma. 

KecenlK. a newer chemk'al lest, the Fluorochromatic 
Heart ion (FCH test) has heen used by many floral 
biologists as a de(x*ndable test for viability. The 

materials needed and a brief description of the 
l(*ehni(|U(‘ follow — 

Mateiials for F(4{ lest: 

• 20 mg of flm^rescein diacelate in 10 ml aceUme 

• 15% sucn>se solution 
KCIl Mctlaxl 

a) The reag<*nt is pre*paii*d by plucking 10 ml of the 
ln*shly made sucros<* solution in a ch*ai* glass vial. The 
niUHVscein diiH*etate in acetiHX* is add(*d (alxHit 1-3 dn)j»s) 
until the sohilion turns a liglil milky or greyish c(»lor. 

b) Pollen grains to lx* tested must lx* stored for 10-^^) 
min in a el;ainlx*r w ilh higli relative humidity, lliis eiuibles 
the membranes in dehydrated grains to recover and 
pnnenis fulse-m*gative results in the FCK test pnx edure. 

e) h |K)llen hursts in the 15% siicn>s«‘ solution, use* a 
20 to IMWr sohilion. The jxdlcn sample is dis|x*i‘sed in a 
dmp of fluorescein diacelate on a micmsco|x* slide. Place 
the slide in a Petri dish atop wet filter jW|x*r for 10 min 
and then cover w ith a cover slip. 

d) Kxamine the jx)Ileii under a conqxHind micms(*o|M* 
«*quip|M*d w ith the appmpriate fluoreseenee filters and 
illumination. A violet exciter filler should be used. 
Pollen grains which fluoresce a bright golden-yellow 
should lx* scored as viable. Kmptv. undeveloped grains 
will not Huoresce at all. (drains that have lost their 
viability will show only a weak fluorescence. 
Obs(*r\ations and counts should lx* completed on the 
grains no more than 10-15 inin after the eov(*rslip is 
added. The test solution must he fresh. 


4'he F(di lest seems to lx* the most reliable and accurate 
of all the chemical assay.s. It is a test for active 
esterases and plasmalemitia integrity of tlie vegetative 
cell, but still not a test ol viability. Dehydrated grains 
may give false jxwitive lesulls and should lx* n*hydrat(*d 
in a small ehamber prior to testing. An obvious 
disadvantage of this otherwise ex(*ellenl lechnicfue is the 
re(|uiremenl for the assay to lx* conducted in a well- 
t*<|uip|)ed laboratory, using an ex[x*nsive fluoivscence 
micmseo|H* and the appropriate fillers. 

2JI.6* Pollen CTieifftiwfrff 

As a floral reward, pollen is far richer in nutritive 
conqxmeiils than mostly sugar-containing nectar. Pollen 
is the essential source of proteins, amino acids and lipids 
for the majority of the w orlds* jxillinalois and their offspring. 
Bees are llie chief ailhnqxxl consumers of floral jxdlen 
in all tropical environments. All bees achieve high 
a.ssimilation efficit'iicics as tlx*\ rapidly turn |xillcn nitn)g(*n 
into Ixxiy niln)^*iHHis (‘onqxHitids. 11iis is (*s|x*cially true 
for tropical lx*es living in massive colonies at relatively 
high densities. Most of the nutritive-deriving sulistances 
within pollen grains are contained within the pollen 
walls kiKiwn as the exine arul inline. Hie inline inner walls 
are cellulosic. hut the outer walls, the exine. comprise a 
tough hiopolymer made up of cmss-linked ean>lenoid 
pigments. The exine is essentially indigestible for most 
unicellular or metazoan organisms, except b»r a few 
collembolans. Kxine passes untouched through the 
inteslini's. maintaining a r(*(*ognizabl<* sciilpUin*d exine* 
slu‘11 in the f(*(*(‘s whu'h can lx* acetolv/tHl. and idcntifit*d 
to delennine plant laxa in |M)Ilinalor diets. The exine is 
an iru redibly resistant biological natural pnxiuct. verv' 
similar in com[x>sition to tlx* outer sh<*ll of ins(*(*ts and 
(»llierailhn)|Kxls. I\)llcn grains UX) million vearsold have 
been recover(*d from sedinx*nts. with little apparent 
biologit al d<*gradution. 

Inside the exine pollen walls, the cytoplasm (‘ontains 
rich pnXein. Ii|x)idal and carlx»liydrale sugar/starch eneigv' 
reserves for the devekjping |X)llen lulx*. later siipplenx*nted 
by the slylar sporphytic tissue. Bees and other 
pollinators need not ‘Vrack*’ the tough pollen grain 
walls, us often siigg(*sl(Hl in tlx* literalun*. to n*h*a.s(* the 
nutrients within. Pollen within animal guts is ex|X)s(*d to 
high osnxMie (>it*ssures, acids and various degradahle 
enzymes. I'luis the |M>llen grains swell, then ‘pseudo- 
genninaU**. making thiti memlmiix-s extnide from genninal 
ajx*rtim*s. ()smoli<* sixx’k and tlx* Ixh*s' nonnal dig(*sliv(* 
bux hemistrv d(> the n*sl. Surface oils, as colorful |x>llenkill. 
are also imjxMlanl milrilioiuilly. es|x*cially in taxa with 
oily jxdlen such as the Asteraceae. are also efficiently 
removed within |x>llinalor digestive tracts. 

Hx* diversity of nutritious, and s(Miielinx*s ix>n-nutriliv<*. 
clx*micals w ithin ixrllen is staggering: we have just lx*gun 
to understand the comjrlex array of siibstanct*s pr(*s<*nl 
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uml on the* suifuc o of [MilUni grains and their ivlative 
im|X)rtan(‘e fr>r jxillinator diets. A sninmar\ of eoitmionly 
n*(MHled \alues tor the <*hemieal ( Oin{xisilion of pollen 
harsesUxi |jy iKHieyljees is given in Tal)le 1 . Pollen t\i>ieally 
(’onlains (nan 2() to 509i^ water and the indigestible exine 
comprises alxHil 8 to 35^ o(‘lhe|H)llendn. weiglit. I*rolein 
levels for jxillen hanestixl by lxi*s typically ranges from 
7 to 35% (see Tul>le) but leN els aie inueh low er (e.g. fn)m 
5 to 20% ) in [M>tlen from aiit‘niof>hilous pliuit s|>eeies. Hie 
higlust yet n‘coitle<l nitit»g(‘n (7 to 9%) and prt>tein hwels 
(48 to 5f)%') in any type ofiMdlen were found in a buzz- 
(»o|linale<l Solanutn. 

It is apfuirent fn»m the ulxne (hat while |x>llen may 
1 m* a |M‘ifee( f(MKi for eeilain f)ollina(ors« Mieh as bees, it 
is far from (M*rfe<‘t as a diet for humans, as s4mietim(*s 
<’lainHxl in tlx* riKMleni health ToinI literatim*. Pollen eonlaias 
none of (he ini|M)rlant li|)id-soluble vitamins (A. E. and 
K). Hie irii|Miet of these and other (xillen nutritional lindings 
for |M)llinators is largely unknown at th<* present time, 
but a fertile aiea for new research. \\ itb an average value 


of almost 25%. pmtein is a major coni()onent of [Killeii 
and (dearly (he most ini|)ortant for |M)llinutor nutrition. 

Pollen }irot(*in levels are (’sjw'cially high in imllen fmm 
l>ee-t)ollinated (ihuits (25 to 56% pmtein) those |x>llinat(*d 
by Iwts (40 to l*t% protein). Hiis is likely due to the fact 
that plants art* very de|M*nd(*nt utM)n these |K)llinators and 
have *up|>ed the slakes*, fimvidiiig rich pmtein for their 
(lollinators. All bees, even those (hat are parasites and 
(‘olleet no (Killen lh<‘ms(*lves. and many flower-visiting 
bats, are di*|)«'tulen( on nitn^en and piDtein in |M>llen to 
satisfy their adult and juvenile demands f«»r uniino acids 
and proteins. Certain aininoid a<*ids (e.g. piDline and 
tyrosim*) an* very rich in |x)lh*n fmm liat-pollinatiHl tropical 
plants and have Ixvn hv]M)(hesiz(‘d to Im* imixirtanl in 
fonningsinmg wing membranes. Holes for certain amino 
acids for invertebrate ftollinators are unknown. Most 
nutritional studies have levealed that lx*es. and most other 
insects, rettuirelhe same so-<*alled *rat/m<Hist** l()ess<*nlial 
amino acid.s. as do humans. 

f ) Determining Protein ijerebt 
ill PoUetu 

(ietling ivlialile aixl accurate nitnigen. pmt(*in 
and amino acid det(*rniinalions can only lx* 
|M*H<Miix*d in a w(*lk^|ui(V|x*d chemical lalxiratory 
and often using e\|x*nsive s|>ecialized nxxlem 
e(jiii[)menl. .\itmgen detemiinationsare usuully 
(x*rlbnned on (x)llen. or foixl or soils, with tb<* 
u.se of an tmditional le(‘hni<]U(* knmvn as tiu* 
mivnp-hjt^iiahl n^artum. Ilx* nx*tlxid nxiuires 
high tem{H*ruhm* c(x>king. a menaii'y catalyst, 
and a sfHH ialized apixiratus (e.g. manufcU'lured 
by the Hraun & IaicWm* cortxiration in KImsfonl. 

). Recently, progress has been iiiaih* in 
combusting small amounts of a sample in a 
furnace and then examining the pyrrolysis 
PUmIucIs lor nitmgen. Also available are very 
e\(iensive. dedicated amino acid analyzers (for 
Ixrtli hydmlysates iuid native timteins/|x*|)lides — 
the so-called physiological "free** amino acids) 
for the ({uantifu'ation of amino acids in |x>)l«*n. 
Th»*s<* an* usually found only in the most modem 
biochemistry department lalxiratories. when* 
samples can sometimes lx* run on a fee IxLsis. 
Aitematively. amino acids can lx* (|iialitativ(*ly. 
and somc'what ((uantitatively. detemiined fmm 
|Millen and mxlar samples usinga miniaturized 
2^fUmensiona! 77>C (thin layer 
rhromatofi^raphy) metluxiology |x*rieeted by 
the late I. Bak«*r. a pioneer in experimental 
|M)llination bioh^ (see aecininl on pp. ].Sf>-I.59 
in Dafni. 1W2), Headen* are directed to the 
nectar analysis section for a brief account of 
semi-(|uantitative amino acid concentration 
te<4ini(|ue. called the histidine scale (al.so 
dev(*lo)M*d by l^ik(*rand Hak(*r) using ninhydrin 
reagent and suc'rose solutions. 
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Nil. S|i|). 

Averajj)' 

Typical 


Aiiulyzril 


Haii,:rs 

I^rot(*in 

277 

24<7f 

7..5-35% 

Lipids 

52 

5% 

1-1.5% 

Carlxibydrate 

s^l7 

27% 

l.V45% 

PhosphortMis 

5-4 

0.5% 

0. 1-0.6% 

Ash 

fill 

3.1% 

1-5% 

Potassium 

56 

0.6% 

0.2-1. 1% 

Calcium 

60 

0.2% 

0.M)..5% 

Magn<‘siinn 

W) 

0.2% 

0. 1-0.4% 

.Hodium 

50 

0.04 

0.15-0.8% 

Iron 

51 

IlOiifi/jj 

wide 

Manganese 

28 

looiis/f: 

wide 

Zinc 

21 

78, 

wide 

Cop|»er 

27 

14,i,l/p 

6-25|i,Vp 

Nickel 

23 

5,ip/p 

0-i',i,l/g 

Boron 

y 

Iran- 

y 

Iodine 

y 

y 

l-10,l,^e 

Thiamin 

8 


4-22,.„/,; 

Nimdii 

6 

157ii„/g 

130-2 10, 

Riboflavin 

8 

19,.g/„ 

y 

Pvndoxine 

2 


y 

Pantothenic acid 33 

28,ip/g 

5-.50,ip/g 

Folic acid 

8 

5(i?/p 

y 

Biotin 

4 


0.2-0.6,i,»/| 

Vitamin (' 

4 

350pg/g 

0-7 10,i,!/,> 

Vitamin V 

V 

0 

0 

(’arotenes 

4 


50-1 50,1,:/ j 

Vitamin 1) 

4 

0 

0 

V itamin E 

4 

14|i,^g 

y 

Vitamin K 

4 

0 

0 
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2) \Hsaff for Starch in PotUnu 

Many pollens eontain large amounts of starch in the 
form (»f mi<‘ros(‘opic starch granules (amyloplasts) 
similar to those foiiiui in some plant stems ami rm^l 
storage tissues. As an energ\ st<»rage resene substrate 
for developing fMillen luhes. starch contains far less 
energy (15.562 to 16.658 joiiles/g) than pollenkitt 
lipids (uhi<’h range from 58.88.5 to 42.248 j<mles/g). 
as tletermim*d hy iMJinh cah»rimetr\. Starchy pollen 
is largely absent in flowers pollinated by animals, 
with a few tropical f)lants as exceptions. Pollen with 
high levels of starch are representative of wind- 
jMillinated plant taxa. 

A vetx oM chemical test which is still iim^I is tiu* itKline 
reactum given by starch granules. This test has l>een useil 
by floral biolotists to assess w hether staix'h is piesent or 
al>sent fn>m |X)llen grains. The materials and pitK’edure 
for the test ai*e as follows — 
lodbw PoUen .Sl«rr/i Test (IKI) 

Materials: 

• 0.2 g Potassium iodide 

• I g iiKline cnstals (use caution as tliese slain eveix thing 
and the fumes an^ loxit*) 

• loo ml distilled water 

The follow ing pnK edure should be conducte<l umler a 
chemical fume hood. The |)olassium iixlide is diss(»ived 
in a small amount of water, then the i(Kline ctx stals are 
added while stimng. Once dissolved, the remainder of 
the water should Ih^ adde<l. The n^ulling s(»lution should 
be kept in a lightly stopper<‘<l bnnvn. or ahiniinum- 
wrapiHnl. glass l>oltle. The solution will last for man\ 
months. Pollen grains thought to l>e starchy are placed 
on a microscope slide to which 1 or 2 di'of)s of the IKI 
test solution are added. Wait 5-.x minutes for tlu‘ grains 
to slain, then add a ('ovemlip and examine under the 
mi(*ms(‘o|M\ Starch) {X)llen grains will l(X)k black lxH*ausc* 
the starch amyb»plasls will stain blue-hlack <»r 
(K'casionally n*d to pur|)lc. 

More elalx>rate s|>ectn>pholomelri(* (|uantilative assays 
(e.g. using o«t«)luidine) for starches and other complex 
carbohydrates are available but beyond the needs of 
most floral biologists. The IKI test is best user! with 
mature pollen grains freshly reino\€*d from dehisced 
anthers. Normally staivhless mature pollen grains may 
{•onlain some staivh when still immatun*. K\en old. dritxl 
pollen reino\»Ml from herbarium sheets or after many 
years storage ) ield reliable ]x)siti\e <lata f(»r the pres**n<*e 
of starch, haker and Baker (1079) have shown that 
stan hiess pollen grains (nomially (‘onlaining lots of 
lipids — another energ) storage reseixe) are t\f)ical of 
h(*e-(N)llinated angios|x-mis. espe< ially in pollen-only 
flowers, and for some examples of fl\ )M)llinalion. Starch 
grains. whi(*h imariably contain some lipids, are typical 
of sp<‘cies that are autogamous, aneniophilous or 
|x>llinated hy some butterflies and birds. 


S) Lipicfx ill PoHcn Grainsm 

Most, if not all. [xillen grains contain a divfn'sity of lipids. 
ol \aiious classes and in widely vaixing amounts. A \eix 
simple test for the presence t»f abundant lipids in (x4len 
is to place some pollen, or l>ee-< <»lle< led loads u|x)rj a 
piece of bnmn al>sorlx^nl fw|x*r. such as a lunch Iwg. After 
several hours a noti(*eal)le greasy dark s|x)t will a[)[x*ar. 
One simple staining technique for the presence of lipids, 
t^six'cially as abundant surface pollenkitt. us4*s Sudan IV 
(set* f(»llow ing nH'tlxNl). Tlie stain should lx* made up fresh 
each time. A retl color indicates the presence of lipids. 
The |M)lleii grains should lx* examined microscopically 
within 5 to 4 min after the slain has |)een a()plied as the 
nxl color disap|x*ars in as litth* as 10 min in some cas<*s. 
Other lipid assa\s will lx* gi\en in a following section on 
floral lipids (produced by specialized flttral glands as 
rewanls for |x)llinating lx*es). Vainous extra<‘lion schemes 
have lx*en devisetl for extracting, isolating aiul identifying 
the various lipids found in |xdlen and other Ixjtanical 
soun*es. Most of lht*se involvtnl the use of t*xtnn‘lion with 
a non-(x)lar oig;mi(‘ soUenI (chlon>fonn: methanol often 
at n*duced pressure anti with heating (as with the time- 
liotKMetlSJixlel ap|Kuatus). I jpid classes may lx* idt*iilifit*d 
using relati\ely simple Siltea fstd TU'. /dates and 
s/}rays. F.xacl identifications ttf lipitls. es|x*cially degree 
of un-salurations are best done in (‘ollalxtration with a 
Iraintxl lipid chemist. 4’hese melhtxls are lx*yoixl the sco|x* 
t)f the present account. 

2»2*7 CoUvcting A MtnUifytng PoUctt 
f ) Pollen C'olfe<*lioii. 

Ptdien is l)esl when harxested fresh from flt>wers then 
used immetliately. if for chemical assays. If it cannot lx* 
used right away, then it shtmld lx* fi-ozt*n at -20°(^ in a 
tleep frt*eze. lyophiliztxl or fnizeti at -70^ C in an ullra- 
ct)ld freezer as found in bitx’hemistix labs. ft)r ari'hival 
storagi*. For ftHHling/nulritional tt*sls w ith lx‘t‘s and other 
insects pollen should again be used fresh or 
fn)zt*n/lvt>philized for later use. Pollen stort*d at rtxmi 
U*m|x*ralun*s rapidly loses its full nutritional value and 
ma\ s|x)il (lipids lx*come rantdtl). 

Fresh flowtn's art* bnxjght init) the luboralorx and the 
anthers separaletl fnmi the ivsl of the |x*rianlh |xii1s hy 
stripping them off by hantl or w ith forceps. The anthers 
plus |xdlen should lx* placed iqxm a brass screen (such 
as the standardized st>il sieve series) which can then lx* 
vibrated tm a shaker table (»r the anthers can lx* gently 
stirred with a camels hair or nylon bristle paint brush. 
Several screens, the finest having a m(*sh (»f only 100- 
5(K) mienms. c*an lx* used to c lean up the [Killen which 
can then lx* stored in individual glass or plastic^ vials in 
the freezer. Often it is easier to dishxlge |x>llen. even 
large oily giains. from flowers using the trick the lx*es 
learned first, that of floral sonicalion. In this case, a 
|K»ricidal blossom or a “sluuing brush’* ty|x* of dozens 
<M‘ hundreds of stamens, is held by one hand or in a clamp 
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SKM <»f u |M>llcn ^raiii <(-ti< iirhit Irappcd 

ainunj' llu* liraiu‘li«'<l haiis on a Im'oV 


ii f(‘v\ cm al»o\(‘ a plaU* upon a )>la( k 4tr 

while pieee ol paper ((le|M‘n(liit^ the pollen eolorl 
and a \ ihraliii^ Inning toiiv (3)2 H/.. or middle woi-ks 
iiieeK ) is louehed to ihe anthei>. iMialh a large eloiul 
ol tMilhm n*Mjll> whieh. alt(T several dozen flowets are 
viliraled. ran he si-rapei) into a pile using a ( lean ra/<»r 
blade or glass niirroseo|M* slide. Ilii^ ineihod also alimvs 
hidden I K)ll<‘n letHlei-sInolahh ihrips) lolK-ejeeUMl along 
wilh the |M>lleii and removed h\ the expenmenlei. rhi> 
proe(‘dure can even lx* hv aniomalcxi using hallt'n- 
|Mm<‘red \ ihralih* dev iees. 

Pollen haixesled hv hand using tlx' aI»ove mellnKl is veix 
eh^an and (*an Im* list'd (ora mvriad iiuiniM'r o( Vhemieal 
and nutritional assavs. ( )hv ioii>ly. grt'at amounts ofidean 
|>o))(‘u aiv also availahit' hv this inethtMl lor anv numiMT 
of palynologieal mierosiope slide vouehers. for simple 
staining, or lor aeelolvsis. 

Pollen can also he eolleett'd Innn l)ees after thev have 
doiM* the work for vou. Hiis is oflt'ii exln'tnelv helpful in 
the ease of plants wilh veix Muall flowers or ones that 
pnxiueetiny amounts of |x)llen. Most nativ4>givnind-n('sling 
lH*es (t‘.g. in the Vnthophorinae) ean*v their [xdleii drv. 
unwettisl with neetar. in speeializ(*d hair patelx's known 
a> 'satfHif '. Bees can U* captured alive directly rmm (lovvei>* 
into V iais. or with a mi or into a killing tulx' {using (ihv I 
act lat(‘ors(Mlium or |N)ULssiiim cvanidel. If vou aiv making 
|(ollen ivferenceeolleelion. |x)llen can Ik* ivmoved dinxilv 
fmm flowt'ts or iudin'cllv alt«‘r Im*<*s havt* hai*v(*sted it. If 
U>e s(*o|tal oreorl)icular l(»ads an* ux’d :ls |K>llen voueheis. 
even elTorl should Iw" made to collect Iwes which have 
putv loads from only a single plant spetaes. 

Ixirge amounts of |Milleu (manv kilograms) can U' easily 


colletied wilh the use of |K)llen lnij)s iasialled on lumeyliee 
colonies in (.angstrotli wcKMlen e(]uipnienl. Hie details of 
conslnuiing and using these traps has l>een re|>oi1ed 
elsewhen*. Our pivfei'en<*e is for tlx* use of a iMiltom !\[k* 
trap known as the modified 0»AJ\ poUeu trap. Iliis 
trap ivmoves alxnil ()(W)3'"/f of the in(*oining [K»llen. which 
the 1m*(*s ollset hv s«‘nding out moi'e jHillen foragers. The 
dr.iwt't'can Ik* o]M'm*d and [Milh'ii n*mov(*d at hourly, daily 
or weekly inlenals to suit the needs of the user. These an* 
excellent dev ices not only to examine the diet of honey Ikvs 
liv ing in v am nis ecosystems, hut also useful fordelennining 
ph(*nological [lattems in (he l<H al |>lant commuiiily. One 
honi‘vhe<* colony ov(*r tin* course of a year harvests 
polh'U and ne< (arfmm a territoi'v at h'ast 80-KK) km~ in 
extent. Pollen traps have also lH*en useful in the study of 
diet lm*adlh in African honeylM*es in the tropics and 
Kun)|M‘an honey UK's in theSmoran d(*s(‘i1 and for studies 
of (’om[H*tition iM'lween honey het's and native Imes ). 

2 ) Poflc*ti lcf<»iilifi«*alioti 

Pollen identificalion is not easy hut can he learned hv 
lloral hiologi^t> hav ing acc(*ss to a laUiratory and a g<MNl 
('om|MHiud micn)sco)>e. and who aiv willing to lake the 
time to learn metluMls necessjin to prepare, slide-mount 
and identify (he gi^ains. 

Pollen can Ik* prt'pared lor light micn»copy and (*asily 
studied re<|uiring only a go(Hl compound inicros(*ope 
(m'eded niapiincations of WX)-10()0\)anda few common 
lahoratoix cliemicals. AidKinie |K)llen is often coIKk UhI 
hv aemhioh»gists on sticky la[K*s or on a glass '‘gravity 
slide** to which jM*ln)leiim jelly or Silicone Oil has Ikvii 
smeared. M<*dical allergists mutinely examine and identify 
this “raw " |Killen without staining or chemical prepiiralion. 
This methitd shotdii not be used by bee or ftond 
biolofdsts since the surface poUenkitt oils and 
cytitplasm obscnre important taxonomic details 
necessary /o identify the pollen f^rains to family^ 
fienns or species. Pollen, whether fresh fn»m floweis.cm 
l>ees orfnmi Ian ill piovisions or feces, should lie minimally 
d(‘-giv‘ased and tri*at(‘d with a (*ommon |N)II(‘I 1 stain (<*.g. 
Safninin-O. Basic Kiu'hsin and similar n*d stains aiv gixMl 
because micros(‘o|)e optics are color-convcied for given 
light) to enhance ivsolution of the moiphological surface 
features of the grains. One of the simplest techni(|iu*s for 
staining |Killeii is to use the following ivcipe for glycerine 
ji'lly which can In* nuuk* ah(*ad of tina*. ston*d and <*v<‘n 
earned into the field (see reci|iesat thee*nd of this section). 
\ s4*mi-|K*nnanenl slidi* mount of lhi*se samples can Im* 
made hy adding a ('overslip and ringing the (*dg(*s with 
lieesvvax plus ivsiii or one of the commeivially available 
“metal flake" clear fuigeniail {Kilishes. Ideally, access to 
a chemical lalMMalory or fume hood is recpiired where 
pidleii samples can 1m* treatevi with solvents and acids. 
Most entomologists have iis«*d |M>lassium hydmxidi* (M)Hl 
to ch*ar ins<‘ct genitalia, and this chemical can he ust*d 
to as a tivatment fornKNlem |x>llen grains to lM*lp distinguish 
moiphological featiir»*s. No matterwhal )M>llen preparation 
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ItH’hiiiques are used. eolle<’lion of pollen <lirc*<*lly fn»m 
phuils also it*(jiiin‘s llie laking of a pivss<‘<l /^/i/il iwie/ier 
spei‘unvn^ idenlilled l)v an exj)ert lK»lanis!, whieli ran l)e 
de|)osiled in a public iieH)arium alon^ witli a sfK’rimen 
nuinlM'r that <‘an Ik* it*fen*nre<l in siil)s«‘t(iient publicalioiis. 

A sini|)le tei*lmi(|ue involves the «‘ollertion (»f itiHlelmrvfi 
anthers fn>in larpe floral buds arnl sul>secpienl s<)f!ening 
of these tissues in l^rtir Acid for several hours. I’liey 
an* tlK ‘11 transf(»ne<l witlKnil the iK'id to a trsl IiiIm* (*onlaining 
MY/f KOH at nK»m tem{M*rature fur 24 h. Altenialively. 
the (K)llen can Ik* Unled for .V 10 min in KOH. This ivsulls 
in the hydrolyzation «»f the cellulose and lysing the 
pn)loplusl. Ilie resulting |M)llen grain walls fexines) an* 
now free of obscuring pollenkill lipids, but are 
practic ally colorless and must be stained prior to 
microscopy. Cauticm should lx* used with tK>llen grains 
and KOH iKvause jxdlen is rapidly cle*slnw«*d by stnmg 
l>a.ses (suc'h as KOH) althmigh it ran withstand immersion 
in very strong acids. Any of the red stains for pollen 
mentioned previously will work here, 

•*1) Poffeii ohiahwd irom hec* 
nentl samples or 

The collected material can go directly into the KOH 
solution. \ery detailed recommendations and metfuKls 
(standanliz<*d c|uantitativ(* analytical lt*< hniqiu‘s for Ik*<*- 
colle<‘ted )M)llen samples, minimum sample sizes and 
appn>priate slatisti(*al jms edures) are given in a recent 
[)ut)erby (KKourkeand Buchmann 1 1 Wl) and will not 1 m * 
disciiss<*d in this tn*atnu*nt. Wt* and others also discuss 
the im|K)i1anceol not neglecting dis|Kmite |M>llen volumes 
when considering the nutritional value to (xdlinators from 
(M)llen of varicnis plant taxa. and also present fonmilae 
for calculating vc»lumes for jwllen grains of ( lift'ereiit sha|K*s. 
Ilu'se im* among tlu* siil>j<x*ts of nipliHsopttlynotoffy., a 
discipline that is starling to come of age. under increasing 
criti<‘al scrutiny, in study of 1 m * c * s . |K)ilen and |K)ilinulion. 

The standard pollen treatment technicjue used by 
professional |>idynologisls worldwide is the traditional 
Acetolysis technique devisetl iiuuiy yccuw i^) by Knitman 
(see Kaegri and Iversen, 1989). This lechnicjue should Ik* 
applu*d with caution since aceloly sis invoh t*s caustic acids 
in a highly exothennk* chemi(*al reaction. It should always 
l)eck)ne in an apfmned chemical fume IicxkI while wearing 
a pn)tective lalM»ralory emit, gloves and siifety glasses or 
face shield. Hie coiuf)lete reci|ve for the Acetolysis reagent 
and priH'edim* is given at the end of this section. The 
chemical ivjiclion t»ru|grt*s.st*s mpidly and the |K)Ilen s4uupk*s 
must not contain any water. Water in the samt>les can 
pnwide a violent explosi<»n of Ixiilingacid to vent fnmi the 
ofK*n test tulles. Floral tissue or liee nmlerialsc-an lie fila<'e«l 
direc tly into concentrated glacial acetic acid as a 
jiretreatmenl dehydration step firior to acetolysis. 

Acetolyzing pollen grains (Inim pure pollen, anthers, 
floweis. lM*e materials etc.) involv(*s gently iMiiling the 


materials in a mixture of nine parts acetic anhydride 
(anhydrous, <*oncentrated acetic acid) and one jiart 
coiK*entmle<l sulfuric acid for seveml minutes. Iliis caustic 
rc*agcnt dis,solves away the interior grain cytoplasm and 
the suiface oils leaving the |Killen in a ’Tossilizetr slate. 
The sporopollenin |ioly mer constituting the [lollen 
grain exine walls surv ive unchaiig(*d (for exceptions in 
tropical fKiIlens, such as Musaceae, Lauraceae, and 
others) but do take on a darker or brownish-black 
coloration. Such acelolyzed pollen is thus ideal for light 
micniscopy and usually recfuires no additiomil staining. 
Grains ifiat lieconie ttxi dark can easily Ik* lileachtHl using 
smlium hyjKK’hlorite (laundry bleach). AcetolyzfHl |K)llen 
is washed and then stored in glycerin or silic«ine oil. 
For reference slides the l>esl technique is to remove 
anthers directly fnini flowers on dried herliarium voucher 
specimens coller tcrl for this purpose and which 
corres|M>nd to fielil notes and .sjiei imen numbers and 
liave been identified by a trained plant taxonomist. 

ftecipe ior fiiycorino Joiiff ^tounttng 
Hodumt/SUtln 

Materials: 

• 7 g gelatine 

• 42 ml cold distille*d water, in which gelatine is mix<*d 
and warmed gently with stirring 

• .V) ml glycerine and 0.5 g Phenol (or 10 dni|)s of 80% 
phenol solution) 

PnK*t*<luix*: 

Dissolve 0.1 g Basic Kuchsin stain in 10 ml ethanol. 
Taking I/.4 of the glycerine jelly, slowly add the stain, 
drop by drop, until a clear pink color is produced 
(Atipmxinialely 1/1 ().(XK) of solution is the|Kmderr*d stain), 
lire glyc eiine jelly jilus slain can now Ik* sIoixhI in dark 
glass vials or jars at nxim tt‘m|K*raluiv for marry months 
until needed. It is easy to pnMluce jelly of varijuis color 
intensity. Smie ex^K'iinKmlation on |M>llen may Ik* rrecessiiry 
to achieve the desireil results. 

Small bilsofstaineil glycerine jelly are sticky and can Ik* 
picked Li[i on the lip of an insec*t pin or diss»*cting pnilw* 
then applied to dilferenl iMidy areas of pollinators to 
selectively samph* the arlhering |Killen grains. I’he blob 
with {Killt*!! is simply [ilaced on a mi(‘i*os(*o[>e slide then 
heated over a small flame and a coverslip addetl. This is 
an easy and irie\|K*iisive teehnicjue. 

tvetoiysis Hothod 

Materials: 

• (’.oncentrated Sulfurir* Acirl (>98%) 

• Acetic Anydride (anhydrous) 

PrrK-erluiv: 

C'AimOl^AO HATER HIST BE 
PKikSilAT liVSIDE THE REACTIOA 
TEST TUBE. 

HEAR A I.AB C OAT. OLO\ ES AND 
PROTECTIVE ElEHEAR 
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a) After the KOM tr<‘ulment. or without, the pollen 
residue in a eentniuge tube is dehydrated with glacial 
a<‘eti(* a<'id. cenlrifiiged and the sii|H‘matanl discanltMl. 

1>) Treat sample with a fresh (made <!aily) mixture 
of 9 parts acetic anhydride (concentrated anhydrous 
acetic acid) and I part (‘oiu'entrated sulfuric acid. I'his 
reaction is highly exothemiic so mixing should be slow 
and with stirring. The tube can l>e cooled by [>arlial 
iiiimei-sion in an external l>eaker of cold water. Meat 
the tube gently in the same lest lube in a beaker 
|>artly full oflM)ilingwateron a hot plate under the fume 
hood. Ib‘at to llu' lM»iling point (e.g. by immersion lor 
soine3-.S min. in the lH>iIing water bath). Allow solution, 
now black, to ccsd, < entri(uge for .3-.5 minutes (at least 
.3-.\(HH) qim) then decant su|M*niatant and tliscanl. The 
|Ki]len residue will be a bhu kened mass in the bottom 
of the tube. 

c) Wash the |K>llen residue 1-2 times with glacial 
acetic acid. <'entrifuge and de<‘ant supernatant. 

d) Wash I -2 times with water, centrifuge and decani. 
At this time you may want to put the sample, with lra< es 
of water, into a desiccant environment (»r vacuum 
oven to remove any water before further prtu essing. 

e) Store the acelolyzed jMilIen residue in glycerine 
(glycerol) or mount in glycerine on microscope slides 
under a coverslip. Silicone oil can als<> be used but 
requires additional steps. 

f) (dycerol slide* mounts slunild Im* wateT-free* and 
then sealed with fingernail pedish to make 
semipennanent mounts. Tht*se slides will last for many 
years, stem*el horizontally in a darkem*el slide cabine't. 
The*\ also have the advantage* (lor glye e‘rine* or Silie*em<* 
Oil) that the pollen grains can be rolale*e| while viewe*d 
at high rnagnifie’alion simply by taping gently on the 
c(»verslip with the |Miinl ejf a h*ad pencil. 

The necessity ol a fume hooti^ ftpllotvinff striet 
safety prerautions^ etc, will be amply repaiel (he 
floral biedeegist wlu» use*s (his teM‘hni(|ue. Impe>r(ant 
me>rphological elelails necessary feir accurate 
identificatieeiis can oidy be* seen (eifleii at lO(K) \) in 
acetolvze*d pe)llen grains. Ae*e(olysis alse) alhms see- 
called 1.0 analysis (foe us change*el slightly fremi the 
surface to the interior of the grains) w hereby one can 
see structural wall elements within the exine 
which may lx* important diagnostic (e*atiires allowing 
spee*ifi<* identifie ation. 

i) C'oiiiilitiji 

Diverse methixls have leeen devedo|)ed forceHUiling |eolle*n 
grains in anthers, fnmi se*dime*nts. eer <m Ihh*s and then 
establishing relative pollen frequencies, IVnisal of 
nKKle*m palynole^ ((‘XtUxeks is often an excellent place 
to become a<*(|uainted with these methods and their 
statistical analysis. If one has at*cess to sensitive eh‘cln)nic 
microbalances (Cahn-type electrobalances), then 
gravimetric melluKls can lx* utiliz(*«l for(*stimating |K>llen 
grain niimlM*rs. One ol tiu* (driest, and h*asl (*x|H*nsiv(*. 


accurate ((*chnk|ur*s is a combination of volunK*tric dilution 
and (‘(Kinting w ilh thr* aid or a haemocytometer (blorHl- 
cell counting l•elic^e mi<*msco|x* slide). In this scenario, 
an unknown number ol pollen grains, as from a 
honeyl)ee coriiicular load, are dis(H*i-stMl into a known 
vohiitK* of wati'i rM’ ethanol (ofUm with thr* aid ol asuifactant 
and ultmsonic disp<*ising proU*). Thr*ii. a subsamph*. 
|M*rlui|>s 10 pi. of the swirling mixed soluti<»n plus |M»llen 
gi(Uns(no| allowing them to settle <»ul of solution) is placed 
on the haeiiKK'ylometercounting grid and counts are made 
according to slandanlized pmcedurt*s used by medical 
hH-linologists fordr*(*ad(*s in counting r4*d bhMxi (dl.s. lliis 
is a handy U*chni({U(* for |M)lh‘ii grains. 

If no lui(*m(H'y tomet(*r (*ounting slid** is availabir*. then 
there is another simple counting method which can l>e 
U-sthI in its place. Tsirig alxnit WK) \ magnification, one 
first cal(‘ulat(*s thr* ai'ea of tin* micmscopic v isual fir*)d. 
Hiis aiva is (lK*ndiv idr*d into that (»f (he an**a(»f (hecmeislip. 
Th is will \ ield a nimilM*roii (he onler of 4.000 w Inch will 
lemain a constant for future use with the same micn)sco]M* 
objective and ocular lenses. Count the |xdleii giains (usually 
a count of 3(K)-.300 even up to 700 is necessary ) in 10 
randomly- .select(*d visual fields and (*ompute the mean. 
Multiply thr* mean by thr*(‘on.*^tant d<*l(*nninr*d alxwr*. and 
sincr* th(* {X)llen “slew** d(jes n<»t cover the entire area 
under thr* r*<»vr*r glass, also by an estimate <»f the fraction 
of thr* an*a which is covered. 

Palynologists use exotic }K)llen or s|x»res (usually from 
Eucalyfilns, Zea or/.vr o/xx/iuw) as an inlr*nial r*alibration 
im*thod. This (*alibration ((*chnir|ue als<» allows the 
summation of results fnan different microscope slidr*s. 
prepan^l fnmi the same jHrllen mixture. Methods such 
as the ^*Kycop<Klium are preferable for 

achiev ing n*|)eatablr* (|uantitalive n^sulls. Floral biologists 
can use this n*lalivr*ly simple and int*x|K*nsive U*chni(|ut* 
to goixl advantagr* in thr*ir own studie*s. I'hr* t<H’hni(|u<* 
is lws«*d u|M>n an original metli(Nl develo}»ed by Sl(K*kmarr 
(1071 ). One or moie commercial /aco/Nw/mm clavatum 
spore tablets (available commercially from Lunds 
L niversilv, l)e}Kirtnienl of Quatenum (^rlogv. 4bmavagen 
13. S-22.3 6.3. Sweden |. 

Fach tablr*t contains approximately lO.(HX) ac(*(olyz(*d 
s|X)res. Mir* nuniU*!' |x*r lablr*t. I>asr‘d u|khi a refr*n*nced 
Italch numl>erand ar'crHUfKiny ing calibration sheet, is slated 
to an accuracy of 3.39{':. |Tlie price is alxnit C.S. SIO.OO 
|)er Uitlle ol .>(K) tablets: they also come in larger tablets 
with more sfM>res |)er tablet |. Ilie user selects how many 
tablets to u.seand first dissolves thr‘se completely in \iY7c 
IICL. The sample is crmtrifuged and the supernatant 
d(*canU*d. I'Ik* unknown lr*st sample is add(*d U» tin* tulx* 
with thr* intr*nial s|x)rr* standaitl. lln* sampit* is thonaighly 
mixrxi. acet(»Iyz(*d or othenvisr* prrK*t*ssed carry ing the 
s[M»res throughout. A microscopic count (usually .300- 
l.(KK)gniins) is madr* and (hr* niimher of pollen gnrii/i.s 
ami spores is labulat(*d. This functions liki* a ‘*mark- 
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n‘lt*iis«*/rt*<‘a|>liir«*** in animal |M>|ui]ation studirs and gi\ns 
an a< {'urale esiimale of ihn original mimiMT of pollen 
grains present in a mixliire. willioiil the lediiitn ofemmtirig 
them all. Further, when used to tHjiiate jK)llen tv|)e counts 
on se\eral slid«*s. the sjxnn*s eoiml<*fl on each slide pn>\ ides 
a weighting factor. b> which the niiinher of each |M»]|eii 
type can l)e alteretl to represent the |N>rtion of the entire 
|Millen iiiixlure that it actually represents. 

For exam[)le. if tw(» kinds of {xillen are found on two 
slidts* prepanni from u single mixture, and lh<‘ numl><*r 
of s)M>res (‘minted on slide A is twic<‘ that c‘ounU‘d on 
slide li. then the two pollen tv|M‘s on slide H comprise 
Iwo-lhinls the siimple represented In the two slides, llf 
the spore (*ounls were identic al on holh slides, then 
mimhers of pollen grains on each slide would each 
n^pivseiit hall of the total sample). Statistical ivliahilily 
demands that the numlHT of s|H)r(^s uscnl should not U‘ 
less than lO-2(K/f ol the expected total pollen grains 
present. However, this can prove impractical when 
dealing with giant |>ollen grains or polyads. Iiecause of 
their large size difference fniin the s|x>res. Nonetheless. 
I>ecause the nunmrical relationship l>elwven the (Killen 
and s|Km‘ internal standard is constant thnuighoul tlu‘ 
pUK edure. tlie total nunihiTof |M»ll<>n grains pi'cstnil in 
the original sample is given hy the lollowing fomiula: 

Total Pollen (drains = 

Oaiiis Counted \ dotal Lwopodhim spores added 
\o. siKUVs counted in suhsample 

Within the |Kisi .) |<» 10 y«‘ais.aut<»nuUcd (‘Itx lmnic count(*rs 
have been develo|M*d for dealing with |wilicle counts in 
the thousands to hun(lR*ds i)f thousands range. Iliest* have 
laigi'ly gmwn out ol the hiom(*dical iH^*d for rapidly ciHinting 
large numliets of red blood cells in diverse samples, and 
for assessing contaminant |)arti(‘I('s in autouKitive hydraulic 
lliiids etc. One such counter, the Cotillt^r Coitntor^ has 
Ikhmi iisc-d recently by some lloral biologists. Few fl(»ral 
hmh^sts have the monetan u’soun t's ix'cessary (typk ally 
1 0.000-2( M K K ) USD) to aci|uire and service thcs<‘ high- 
technology instiiuniMits. One drawback of the Coulter 
Counter is the recpiiivment that )k>1I(‘ii grains lx* disix'iscxl 
and counted in [iarticle-freeex|>ensiveel»x*tn)lyticiM|ueous 
solvents. Other piirticle counters measurt* the |»ollen grains 
by the shadows they cast u|>on a sensor/photomultiplier 
and samph‘s can Im‘ mn in pim* wat(*r or (‘thanol. Since 
these inslniimmts are ex|M*nsi\e and rather exotic they 
will not he discussed further, riiey have, however, 
revolutionized counting |N>llen grains in the last 10 years 
for inyopic'Strained |K>llerw-ounting hiologisis! 

2JiM Oifx Prfxfiired as Flaval 
Rotvards by Tropicai Flotwrs 

In the late HX>0s floral biologists were suqmsed to leam 
of the discoveiT by S. \ogel that many tropi(‘al plants. 


espc(‘iallv iMdongiiig lo llie family Malpig-hiaceae. 
produced specialized calycine glands (he termed 
"elaiophores*') that secreted novel Iree latty acids as 
floral nnvanls lor their s|>ecialized U*e |M>llinators. =Some 
ti'(»pi(‘al plants whi(*h bmir claiophores and offer 
lipids to their pollinating be<*s include the nance 
\flyr.ufnima crassijolia), acerola and llarbados cherry 
{Malltifshia ^lahra. M. punUiJolia) in the Neolropics 
(see .Appendix I). In the trof>ical Malpighiact^ae. the 
oil glands are large oil-filled "blisters** on the calyx. 
In othtT flmvers. such as smne tropic al cii(‘url>its (e.g. 
Monntrdica and Thladianlha spp.) they form dens«‘ 
mats of (»il-secreting trichotnes. Klaiophore floral oils 
are enei^elically rich (alnHil .‘Cd00j/g| fiMxIstufls. usually 
substituted for nectar iti the provisicm masses of l>ees. 
Many other details are reviewed elsewhere. 

Ti»sttatf F'or Floral OUs 

.Sis|M‘('ted oil glands |lri(‘home or epilfu'lial elaiophores) 
on flowers can be tested by simple clieniical means to 
determine, at least, if true fbiral lipids are present. 
One such lest is with the use of the aforemeittioned 
,Sfir/fifi /V' stain (used for [xdlenkilt lipids), \ogel 
pro|N)scd that (‘sstmtial (uls ((‘.g. tcr|H‘ties and oth<>r 
com|K)n<'nls of floral scents) pnKluced by specialized 
areas of the |HTianlh known as osnutfihores <‘ould be 
visualized by soaking fresh flowers, often with a 
suHactant and under ivduced atmospheric pressure, 
in a I : lO.(HK) solution of Neutral Ked dye lo distilled 
water. The authors have also used the Neutral Ked lest 
on regular elaiophores whose lipids also stain red. 
Others have suggested the use of 1% (»smium 
tctrachl<M‘id<' which stains llu* oils and elaiophore tissms^ 
black altnosl immediately. Since this chemical is 
very dangerous and can cause eye damage or blindness 
if not handled properly uii(h*r a funu' hocxl wearing 
"water type** safety goggles, we do not recommend the 
use <»f osmium for detec'ting floral oils. Obviously, if 
one is chemical inclined, there are Tl.(^ and 
(KVmass sp(‘ctral techni((m‘s for use on derivatized 
floral oils (usually producing methyl esters for (d.('. 
analysis) which (*an Im* uscmI to (|uanlify (lu* lipid ( lasses 
present and lo identify r«*lcalcitranl oily inolecides. 

2JiJI Riant Rn*t*titng StfsU^tns 
&. RollinatUm 

1 ) fiili*odii4*fioii. 

Pollination is the first sle[» in iht* process of sexual 
n^puKliiction in plants. 'Hk* |M)llination iv(|uiriMnents of 
plants ar<‘ V ant'd. Knowing how they aiv met. and how the 
pHK-t'ss of st'xual reftHHliK tion continues, retjuires an 
understanding of plant hret'dingsv stems and rt'productive 
strategies. Tn>|Mcal cn>f)s repiesent (he gxirnul of jxissihilities 
knowtJ lo science, 'Iluis. if one is lo Ik* elfective in practical 
issues sucli as pollination (e( hnology in tropical crop 
pnxIuctitHi. j)lant ivpnxIiK'live systems must U* undersUMxl. 
I nfortunately. this subject involves a suite of tet hnit al 
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terms (see (Glossary) iinlamiliar to many people 
involved in |Hillinalion ami ii^rieiilluie. 

As flow ers develop, (he ^iiexual orpins <»r sporophvlls 
ufulerp) genelir chanpes in some of tliidr cells. In llie 
aniheis. s|H*cial cells called "pollen m«//ier cells" aiv 
formed (see also Section 2.3.21. Tfiese po llirouph llie 
{mxess ol reiliiclion-division. or meiosis. during uliich 
the minilx'rol chmmosomi*s in the icsnllinp cells is luxlviil. 
Krmn each pollen molher cell, four pollen grains are 
peiieraletl, each with half the niiinlx*rofclm)mosoiiies (i.e. 
haploid) of the ^mrent plant (which is diploid), hi th(‘o\ an. 
similar. Iml more complex, evtMiLs take place which give 
ris4* lo a muliicelled ovule in uhich each cell is haploid. 

After pollination has taken place, the pollen grains on 
lh(' r<"ci‘ptive stigma genninate. Tin*) pnKluc(‘ a |K)lh*n 
tube which gmws down through the sl\le ami into iht* 
plants ovai\. \\ hile the tulie is gnming. it <‘ontains tuo 
nuclei. The one at the lip of the jxillen tube is the lithe 
nucleiLK and the one that follows is callml the penentlii'e 
mu'leiui. As gmwth of the tulx* pUK-etHls. the generative 
iHK'leus di\ ides into Iwo.s/x-nn niuiei. Iliese two nuclei 
aiv lilierated into the mai") lo fertilize a single ovule, hlacfi 
ovult‘ in the ovan compiises several cells, one of which 
is the egg nucleus. One of the s|H*nn nuclei unites with 
the egg nucleus evenlualK t*) give rise to iIk* enibno. while 
the other s|M*mi nucleus unites with one or moiv ol the 
other nuclei in the ovule to give rise eventually to the 
endos|)enn. 3’his is irferrerl to as "tloitble fertilization" 
and is [leculiar to the flowering plants (Atigios|>eniiael, 
t(» which iK>iuiv all emp plants iNdoiig. niiiMigli this pnx't'ss. 
the embiyo l»econM*s diploid and r»*ady lo pow into another 
plant, d’he endos|M*nn is often rich in stored n*souives 
horn which the growing imibno can draw during its pvwvth. 
However, the tvlalive im|x>i1ance of the emiospenn and 
(►tiler tissues in pmviding nutrients lo the growing enibiyo 
and se<*dling variisi much lM*tween plant.s. 


After fi‘ililization has U‘en ac('omplish(‘d. and in some 
plants even liefore. tlie fruit starts lo develop. Tfiere are 
niirnemus kinds of fruits (such as |x>mes. dnif«*s. Ix'rri(*s. 
silitjues. follicles,) de|>ending on how they are loniu'd and 
which of the |varenl plant s tissms e\)Kin(l lo give lh(‘ s<x'd- 
containing fruit. That, however, is not of direct 
iinpoilance to the i.ssues (»f [lollination. but it behoves 
pollination biologists to undei'stand the nature of the 
Iruits and seeds with which thev are coneenu*d. Further 
asfXH’tsiiflhemechaim^sofiiollination haveU'en ivvievv(^l 
in .Section 2.3.1. 

2) S€*xuaUiy iti PiantM, 

Most emp plants an* UennapUnnUtiv, i.e. with Intt/i male 
wuf female repnKhutiirtM^ans tuncti(Huil («i eveiy plant, but 
not necesstirily at live siinie lime. \\ hen the male and f(*male 
flowe*is aivs(*|«iral<*<ltli(*pliUitsiuvtennedmo/i(*ecioi/,s-.S(*ne 
inoiKM'cious, h«>nnaphmditi(‘ plants s(*lf-[x>llinaU‘ nvKliK. and 
s(HiM» of lhes<* may |je self-fertile. .Shih* iiKHioecious pkints 
hav(* )X)llt*n-f)nNliicing now<*m on one ]ku1 of lh<* plant, but 
ovaix-lx'aring flowers on other |»arts. For some, then* may 
Im* dilfen'iict* in the timing ol maturiilion of the two kinds ol 
dowels. F'or liemiaplmNlilk* plants with hennaphnnlitic (the 
so-called ”fx‘i'ftH t’*) floweis. then* mav lx* s|»atial (H‘ t(‘m|H)nil 
s4'])amtion of the .s«>\ual fum'tion us well. 

Smie plants, lumever an* nnisexnal. The plants liear 
flowers that produce only pollen, with others 
pixKliicing dowers which lM*ar the (waries. and (*V(‘nlually 
tiu* fruits and seeds. Clearly, self-pallination or self- 
fertilhalion is im))ossible. 

If one considers the pathway taken by tiollen during 
the natural pnM'css of pollination, and notes wh(*llu‘r 
or not the pollination results in lertili/.ation and sc(*d- 
sel, the sfiectiiim ol possiliilities can be summarized 
as in the above Fifsnre (after Richards. 1987). This 
diagram also helps introduce some (d the technical 
terms us<*d in pollination biology. 
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Aulofiamy\ or seif-pollumtion results fnmi the [)olleii 
fertilizing the ov ules of the same jloiver. Hie o|>|x)site of 
this |)i'(H’ess is cross*poUination^ or outcroasin^ 
(U*elmk ally..vem>^fmi>). Many emp (>!ants aivautogjmuHis 
{tomatoes, some citrus, peanuts and many other 
cultivated lefniines. see also Appendix I). Plant hreetlers 
have* seltx'led h)rautt^5amy in s<xne plants that art* naturally 
out<*rossing. Nevertheless, it is well worth remernl»ering 
that many self-nimpatihle c‘n>p plants may still pnMluee 
a higher qualily enip if eross>pollination takes place 
{siuifUmx^rs and oil-si^l mrietiesof Hnissica). Aulogimn 
and xem^mv are shown in the next Fifpire. 

Ceitonofianiy refers io selj-jeflilization. in that the |Killeri 
fertilizing the ovules originates fnmi the xuwe fxjrent jAant. 
or fn»m a geneti<'ally identical (^lone («‘aIhHl a ramet). llie 
second Figim^ also presents tliis silualion. ('reitonoganiy 
and autc^my are geneticidly exactly, or aliiHJst. ecjuivtilent 
in that lK)lh result in self-fertilization and inbreeditifi. 
However, it is known that minor genetic differences i‘an 
occur hetween flowers of the same plant or cloiu'. 
(k'ilonogiimv is common in self-fertile plants w ith flowers 
that are of different sexes, or that have fl<mers in which 
the anthers and stigmata mature at different times. 

Xeuoframy lakes place when |X)llen fnmi one plant (or 
genet) n*sulls in the fertilization of the ovules of a dilfeivnt 
[>lanl (aru»ther genet). Of <*ourse, most plants which are 
self-fniitful. <*an he xenoganxms as well, 'lliese may lx* 
n*feired to as facultative inhreeders cir facultative out- 
cn>ssers.de[K"nding on one's (Nmil of view. In fact, in many 


self-fertile plants, xenogamy is encouraged hy differences 
in the liming of matui'aticm of the anthers and stigmata, 
or hy the slnu’lure of the flowers. Further, as noted 
alK)ve. the (]ualily of the <Top may he higher if natural 
'sel/ers' are *oufcrosse(r . 

I lowever. then* an* main cn>p plants that nsgiin* exchangf* 
of pollen with other plants of the same species to set 
fruit. These are referre<l to as "ohtigate outrrossers". 
Obligate oiit-<‘rt>ssers have various mechanisms hy which 
self-fertilization is prevented 

• fn some mofUMxious plants, the staminate and pistillate 
Jlouers may In* imxliued at different times (e.g. in oil /mbn I. 

• in others the Jhmers are produced at almut the same 
time but mature sefHtrately (e.g. in coconut I. 

• in others, staminate Jlouers and pistillate flowers are 
prodiwed at different places (and sometimes times) on the 
plant (e.g. squashes, gourds, pumpkins, melons. 
cucumlwrsK 

In those with hemiafihnxlitic flowers, there may lx* sjxilial 
se|iaralion (/ the anthers and stigmata which im*vents self- 
|x)llination (this is called herkogamy). in trthers then* may 
lx* a leni|xnuJ separation of maturation (<*alletl dichogamy). 
In dichogamoiLs plants, the anthers maturing first is calh*<l 
pnitaiidiy mid the stigmata maturing first is called pmlof^iiy. 

A s|x*cial case ol lx*rkogamy is known in starfruit and 
hilimhi. In ihest* species. diffen*nt plants pnxlucc* flowers 
with different fonns in a system calletl heterostyly. Iliis 
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refers lo tlie flov\ei-s of one kind having h)iig slvh^i ainl 
short stamens, while flowers (»f the other kiinl are the 
revers<». Not only aiv the sj)orophyHs of (liffeivnl sizes on 
the (lilTerenI plants of the same siHH’ies. luit the |K»lleii 
from the long stamens is larger llian that from llie sliorl 
slanwms. |M*rha[>s a ivflcHiitni of (lie length (»l tlie style 
tlirmigfi which tlie liil«*s of each must gnnv. res|M*etively. 

In many monoecious plants which prodiu^e 
herrnaplmHliti(‘ ilowt^rs. dichogamy and herkogamy may 
lie |H)orly devehijied. Tilths** plants relv on incom)Kitihilit\ 
mechanisms (which are often also operating in other 
ohligately xenogamous plants) to pmvent sell-(eilili/.ation. 
Plants with self-incompatihilily can not self-fertilize. If 
self-|)ol I i nation lakes place, as it often does. >eetl-set 
will not eventuate. Self-iiicom|Kitil)ilitv is«)uite complex. 
Gametophylic. multialleiic self-im'omfuUihility is the 
most common form. This s(»rt <d incompatibility is 
genetically contn)lled by two (»r mort* alleles (t ailed S 
alleles) and is (‘rfetied by lht‘ gtmetic maki*-up of the 
|H)llen. the lul>es of whieh gn>w into the stv lar tissue, but 
fail lo [leiietrate the ovarv. S|)on)phylK‘. multialleiic self- 
incompatibility is also controlled by two or more 
alleles, but is elTeetetl by the genetic mak<‘-up of llu* 
anther and the failure of the |K>llen to genninale (»n the 
stigma. This fomi of selbincompatibilily is best known 
in the llrassi-caceae <u* cabbage familv. Other 
iiK'ompalibility mechanisms are kii4>wn. involving 
gam(‘tophytic orsjiorophylic interactions, but with single 
or double allelic genetic ctmln)!. Biveders have bretl 
lines of sell-incompatible plants as a means U) pnMliice 
hybritl st'tnls in plants which are nonnally st‘lf-H‘t»m|utible. 

Tile ctHicepl <»l plants of dillennit “sexes** vxoiild seem to 
have been iiitniduced through heleroslyly and self- 
inconi|)alibility. Hut. even in such plants, each breetling 
tvfie has both male (pollen donor) and female (seed 
pnMiuction) fiim tion. In somt‘ plant.s. though, tht' stA<s< 
are se[)araled to greater or less«»r extents. The sorts of 
breet ling sv stents inclutled aiv iiM'luded in the lenii tlit'linv. 

\\ ilhiii tlicliny. dioecy is the most marked fonn t>f sexual 
separation with plants which are pollen donois only 
(males) and others which are pollen recipients (seed 
pnKlucei’s) tmly (females). There are few ditH*ci(»us and 
widely domesticattMl crop plants, but st)megra|K‘s(l///.'i|. 
jojol>a. as|iaragus. and spinach serve as t*xampl«*s. Clt^arlv 
if om* is inleivsleil in hanesting sect Is t»r fniils of such 
plants, then pollinizer. male, plants are needed is 
some minimum number to allow for pollination but to 
maximizt* crop pUHluction. For cn»ps such as asparagus, 
male plants tend to grow more vigonmsly and are the 
plants of choice for crop pnMiuclioti. Seed is needetl 
only for breeding or re-planting. 

rhert* art‘ (‘xamples t)f plants whieh are incomi)l»‘t<‘ly 
tlitM'cioiis. but still diclinous. In s{)t‘ei<‘sofg\n4Mli(M>cious 
plants, some individiialsan‘inalesten]e(i.e. female) while 


others aie hennapImMlilit*. Tht‘ combination of ftnnaie- 
sterililv and liemiatdmMlitism (atitlnMlioecy) is alnu>sl 
unknown in nature. Some species show various 
intei^radalions ol sexuality and are variously leferretl to 
as ptjlygamous. |>olygamo-dioecious. subg>iu>ecious. and 
so on. (iyiKMlioecy has lieen bietl into some cietis. e.g. 
ritllon and oilst'erl nijte. lo puNluee hvbrid stM^tl whieh is 
hanesletl from the male-sterile variety planted with 
hemiaplmxlilic |>ollen-donors. 

•I) . Ar i*artkenocarpy» 

A|)t)mixis lefers to asexual lejirtKliiction. Tliis category tif 
reproduction includes agamospermy anti vegetative 
ivpmtiuclion. 

\gamos|M*nny is the pmcess by which a plant's tivules 
develop into seed without fetlilizalmn. Pollinalmn is not 
retjuiied. even ihtmgh Howers. sometimes v ery showy, are 
puKluctHl. Aganios(X‘nny st'ems rare ammig ci'op plants, 
but it is rvprestiiletl in f.V/ras (t)ranges.gra|H'fruiu leiiKHis. 
etc.), mango, mangosteen. some bramble lierries {Rtihn.s), 
and some t*ereals and grasses (s<*e tiJsti .\p|MUuli\ I). 

'nien‘an'anumU'rofeii)|)s whith im‘pio[iagiU<*il vegetalively 
and for which (lollinatioii is never, or raiely. a problem. 
I'mpical crops which are pnifvagatt'tl vt^eUitively include 
s<Hnet)l the ini))ortant IuIjcis, siK'h yamx nuinHu»l. 

iMinanas. anti su^aratne. Many lust's anti shmlis can lie 
pm|>agiite<l vegetatively fiom culling. For tht'se, seetls an* 
not iL«^l exct*|)t in the case of plant him ling for new varieties. 

S)int‘ plants, whieh pitMlut t* hanesletl fniits (its fniils tir 
vegetables) tit) not retjuire |K)|]inalion by any means. Tlie 
fruits tievelop vvilht)ul ferlilizalitm of the ovules taking 
place. Iliis is calletl i»aithentK’ar))y. Kxaiiifiles tif thest* art' 
iKinanas (although wild bananas art* |>o|]inat4Hi by birtls 
anti Imts). pineapples, stmu* vaneties t)f citms (seedless 
vaneties t'specially). anti set^lless cueumliers (which If 
|M)llinatetl l>et*ome niisshat>en and biller). 

C'OIK*fll.VIOtl5t. 

From lht‘ viewpt>int of crop pollination bitdogy. the 
details of breeding systems are im|M)rlanl. although the 
actual mechanisms of self-incomj)alibilily neetl not be 
of much concern. Artificial crop selection ft»r 
brt*etling systems. ht»wever, would necessarily involve 
the most tlt‘taih‘d knttwletlge obtainable. I ntlerstantling 
bret^ling systems helps invest igaltirs. or the pollination 
technologist It) tlt'ltu'inint' pollinalittn ret|uiremtmls t>f 
the plants t)f inltTCst. anti aitls in making appropriate 
anil infonnetl n't'ommentlalioris. The imhlislwd liferaiun’ 
thaf imnlves pollinalion conlains many errors and 
partially correct generalizations. Much apituiltural 
l^teratlm^ which eiicom|)ass4‘s a grt'at tltxil of |)ollinalion. 
fails to recognize the complexities of plant brt*ediiig 
systems, as does a lot of literature in plant .sciences, 
riie latter also lentls to overslm[)lify zoological anti 
physical issues in pollinalion. 
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Such iimlersUiiidings arc es|»e< ially im}KMlan( ^ivcn llie 
incivasinji complexity of |M)llination rwjuireiiienls in cmp 
plants as hictMlers manipulate plants' sexualities to 
iiui\inii/4* ^ixmtii or pnMiiictivity. or to pix^stMxe (l<‘siral)h‘ 
plant cliaracterislics. To dale, ihcse include artificial 
s»*l<*ction — 

• in hriuff about aiHuuixis or st^ff-conipatihility aiul 

svif-futUmation t<> virrmurvut poUinaiitm, 

• inirtHluve self-ronipatihility atu! (livlhiy to aUoiv 
for the profbirtiou of hybrid seed, and 

• dendop /uuihenoeaqde varieties to assure fruit- 
set and seediessness. 

In general, it is always useful to e\[>eriiiienlally invesligiite 
the |M»llination letjuirementsol cn>|) plants, xariety hy \ariety. 

}tothads( ior i^iertmninff 
PoUhmiUm Requirenwnis 

I1ic melliods fordetennining |iol]ination n'ltuiixmients of 
plants are not complex. The following is a step h\ step 
gui<le — 

1) Examine the flowers of a numher [)lants to 
detennine the slnicture of the flower and the relative 
jKisitions of all tla* florid |>ai1s. Note es[>eciall) if vanous 
fwils aie r>xluee<l. alwenl. wlailuT th(*\ maluic at <linen*nl 
times, or change llieir|x>sitioiLSti.s they nialiire. IVlennitJe 
how the nectar and t>ollen are presentetl U» fK)llinalors. 
and how the flond mechanism works. 

2) Make ol>s<‘rvations on the kinds <»f tN)llinalors that 
s«*em [o Ik* cfTcctixe at |K>llen transfer (e.g. wind, insects 
land kind|. hinis. Imts). 

3) If th<* flowers an* |)erfe< l. testing (orself jeriilizftliou 
or afiamaKjfenuy van Ik* done hy Imgging. Hie hag*' should 
ht* |)ollinalor-proof. Also, they should not create an 
overly humid and hot micnK'limale within, (dieesecloth 
works well. Init kt*t*f) in mind lluit wind-lKinxe )K»llen grains 
can ()iow tlmnigh ihe im*sh. The l)ags should lM*am horctl 
flnnly to tin* plant's stem and nol allowed to touch the 
flf>wers l)eing studied, \X hite fiiij»er liags are suitalde for 
use on wintl tMillinaled plants. If the ha^ed flowers fail 
to set seed, one can Ik* rt*asonahly sure that fHdIination is 
required. I lowe\ <*r. the need for cn)ss-tK)llinatio!i nia\ nol 
have lM*<'n pn»V(*n if the flowers are divho^amous. 

4) To soil (Kit if a plant LsfHi/rmWngor.ve//mg. conln>lle<l 
|M>llinations must Ik* made. Baggtxi floweis must U'cniss- 
tMtlliiialed with |M)ileii fmm a) other plants an<) Id within 
the .same plant. If seeds an* set l)y treatment h) then one 
w(Hild conclude that the plant wasge//onogmno<w. But. if 
st*t*<ls wen* set only fn«n treatment a) obligate ouU*mssing 
would Ik* th(* explanati»>ri. Pollen can Ik* Iransfcmxl In 
plucking slunu*ns ami touching the antliers to stigmata, 
hnishing ]H»llen fmm anthers onto an artist's paint hnish 
and then hnishing stigmata, or hy using a freshly dead 
l)ee (impaled on a UK)lhpick or similar sli\ert as the {uiiiit 
Imish. For small flowers. somelinK*s using the whole flower 
in.st<*ad of the stamens is n*fjuin*d. 


3) If the luigged flowen« in tiealnient 3) s<*t seed, three 
ext)lanations (*an Ik* invoketl: a) the flowers an* st*lf-fertile. 
h) they are agamt>s|K*nnous. e) |K)llen enter«*d tin* hag. 

6) To lest foruguwo.v/K*r;/n, the* immatim* stigmata of 
the flowers r an Ik* clip|>ed. or if large enough, covereil 
w ith aluminium foil. lf(*lippingisused. the wound should 
Ik* dn*s.sed witli a little soft wax (just molten lK*t*s' wax 
w(H"ks wfll) to pn*\ent drx iiig and infecliiin. fj the Jlouers 
set .st*ed, af£amasi)ermy uould l>e the explanation. If lhe\ 
don't, self-fertility would Ik* invoked. If IkUIi trealiiienis 
n*sulted in seed-set. facultative agamostK*niiy would Ik* 
pn‘sunu*d. hut this is higliK unlikely. 

7) To lest for selffertilily and Ik* sun*, one wouM also 
make contndleil self- and cross-fK)llifialions in flowers 
within l)ug< in a manner similar to treatment 4). 

B) For all the treatments nott*d alnne. n*meiiilM*r to 
ha\e open [ndlinated rontrol. or vhevk. Jhm ers on tin* 
experimental plants ami on others. In general, one 
should have at least 10 plants for each treatment and 
setrral floiivrs on each plant. I)(*|K*n4ling on the size of 
llu* plant, om* can liav<* one to s4*u*ral treatments on a 
single plant. Ixuge plants. siu‘li as shmlis and trees. (*an 
mHXHniiKNlate several tiealrnents, .Snail, herlwceous plants 
may have to Ik* liaggetl in their entirety to a<*eomm<Klale 
a single treatment. Hie actual t*\fH*rimeiital design has to 
Ik* tailort*d to tin* plant, llie flowers, and the siis|K*ct»*d 
|K>)linalion nu*<‘hani.sm. 
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2.1 rOUJWTOR BEIllVIOlR 
& FIjOWER PHEXOtAHiV 


Till- Ih-Iuiv imir of |K)(ential {lollinaloi's on flowers is a 
enirial slep in ihe Iransfer (>f |K>llen from the anthers to 
the slijgiia of ll«mei> of difVerent plants, of tlillereiU flowers 
of the same plant, or within the same flower (see S«*etions 
1.2. 2.3). Mans wnlers t>‘fer to flower visitors as |x>llinaloi's 
without knowing whether or not the visitors ac luallv 
effpil [M)llinalion. There are numerous examples of this 
sort of error in the literature on enip |M)llination. 

The h<‘haviour (»f flown* visitors ean he hroken down 
intoaelivilies at different scales. \t the largest scale is 
the movement of flower visitors hetwetm fvlants on the 
landx atve or lM*tween areas under crop (mMluetion. On 
a smaller scale is the inoveiiKml of flcrwer visitors l)«‘twn*n 
plants in |mlches or w ithin an^as iiridtM* cmp priKluclion. 
On vet a smaller scale is the movement of flower visitors 
within a particular |>lanl. Tire actual dimensions erf these 
s< ales an* variahle. de()ending on the sjxicing of areas, 
on th(* spac ing of tin* plants, and on the si/e of plants. 
For the latter two. small herl)act*ous plants <*ontrast with 
large on lumi trees. On the finest scale is tlie movement 
of flower visitors within flowers. 

The most effective |M)llinators are those moving l>e!ween 
tdanls and flowers in such a wav as to transfer |M)llen to 
siilisly the l>reeding system of the plant. Fmm the viewp>int 
of agriculture, and the piKKluction i»f most 


cn>|»s rec|uiring |)olliiiati(M) hv iiise<*ts worldwide. lK»neyl)ees 
are the |K)llinalors of choice, lliey an* well understcMKl 
hiologicallv and they can In* inanag(*d forcm[) pollitialion. 

Thus. lumeylM'c In-haviour in relation to cmp |Killinaton 
will lx* discussed before other |K>llinators are intnKiiu*ed 
and the roles of floral allraciants. and mort)hologv in 
|K>]linator l>ehaviour <'onsiden*d. 

2.f.f Uanc^ tanguatfe 

All s|M‘(*ies of honeylK*es have* well develo|K*d dance 
language of eommuni(*ation thmiigh whi(*h they im|un1 
their tu*st (hive) malt's infcMnialion alHiiit lhedistan<*e and 
din*r tion to various n*stuirees. usually floral nectar and 
[Killeti. \X lien that infetnnation is exchanged in the colony, 
tfie richness of the resource is also conveyed along with 
chemical iiifonnation idKuit it (e.g. floral scents camcnl on 
the Imts* iKKlies). 

In general the diUK*e-langimge cofLsists onKmeyl)ee forap*is 
returning to their coloni«*s and {X'rfomiing a dance on the 
wax comhoflhe ru*st. If n*soun **s ait* Im*voihI a p^ulu iilar 
distance* fmm the colony, the dance comtmses two Ickijis. 
to left and to riglit. with a central nm during which the 
hee wags its al>dom(*n (see Figure), Tin* din*etional 
com|x»nenl of the* dance* is indk ate*d by orie*nUjtion of the 
ei'iitral run with re*spe*ct to the 
tile sun, and the 
elistance inelicate*el by the teiiifM) 
of the* elance. In the* darkm*ss of 
the hive for Apis melliferfi, .1. 
(vrana and 1. kos4-hrrnikori, the 
orientation of the dane*e is such 
that ve'iiically upwanls represents 
the |Mxsition of the sun. Thus, if 
the forager dances its central run 
vertically, rec ruits to foraging 
inlt'rjirel this as an instrue'tion to 
go to the n*soun*e by flying in the 
horizontal directie»n of the sun. If 
the dancer orients its e*enlral nm 
60° to the left of verically ufmanLs. 
the reeniits fly 60° to the le*ft of 
the* horizenilal dir»*e‘tion to the* sun. 
The elislanc’e* component of the 
instnu'tions is given liy the temtx) 
of the elance. the closer tlie 
faster. If n*soun‘e*s are nearl)v. the 
wagging dance is not used; a 
simple nmnel elane-e* conveys the 
messiige tlwl n*sourves an* closeby. 
Details of the daiU'e-langiiage* can 
Im* found in most lx*e*ke*c*ping and 
lK*e* biology IxMvks. 
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'Hie (laiice-liiMjnia^e <if varies fnHii s|»x‘ies In 

sixHat-s. and within s|>ecies il vari^^s ImHwchmi races. It is 
iinfxnlant to i>*ali/(‘ that knnwhNi^e of th«* danc(‘-langna»e 
has ^i‘at practical im|MMlance in umlei'slaiKiing the general 
fnra^ii^ range's one can e\|M*< t Imni a |uiilicular sjMH-ies 
and nK*eof lu)iieyl)ee. Further, llie infnmiatinn is ini}x)i1anl 
In apiaiT planning in tenns of i\w nunilxT ol hives that can 
Im‘ sup|M)t1cd tor Ikhicn pnMlucli<»n or n*main slmng in 
|M»llination adi\ily on cm|)s. (^h'arlv. if the foraging range 
is small, laige iuinil>eis of lioneylwH's wouhl <leplete the 
res(»un es available ajid s<xjn U* coni|)etiiig slinngly with 
each other. Iliis situation detracts fn)in lione\ puMliiction. 
and can (*aiis(‘ com|x‘ting cohmit's todtH-liiK^ in |M)pulati<»ii 
as llu* total jNipulation of honi‘\lM‘<*s e\c<‘(‘(ls tht* earning 
(‘a|KU‘ity (i.e. tlie niimlxM of honevlM*!^ that the arv'a can 
supfxal) of the region within their foraging range. 

rhe teni|x>s of lh(* dance language \arv among siKH itsi aiwl 
races of l»oneylx*es. Ilie dilleiviK'es can lx* stvn l(» ivlaU* 
nxiglih tolhesiz<*sd thelx*«‘s:tlx‘smiillerthe Ixx*. tlx* faster 
the change* imlaiH-e leiii|x>witli dislaix'<‘and the shoilertlu* 
dislaiH*e at which the wagging dance lx*<‘«>nK's o|x*rali(»nal. 
Tlie ge?K*ral distances over whi< h the dinen*nl s|x*cies aixl 
mc<*sofhoix*ylx*<* normally forage haslxm sliidu*<l in many 
cn>p situations but revt*als wide variability in Ixith natural 
en\ in»nments and cigricultural anus. I lonevlxis mav Idr.ige 
less than a km or up to several km Inxii their nests, or more. 
Cin*les of those dianieteis (e.^ I km. 7 km. 10 km) would 
enchase their foraging ranges. vvhi(*h can Ik* t*normoiis. 
exemling a few hundn*d sc|uait* kil<Mnelei> (see |{(mbik. in 
Spivtik et al.. I W1 ). Knowk*<lge of the pnxlwtion of n«H*tar 
or |x>llen or Ixith in that cirea would piovide an estimate of 
the density of honeylM*es that cmild Ik* sup|x)rted in the 
haliitat {ru*t necessaiily |x*rlaining U» a sjiecific apiarv ). l or 
emp |X)llination. the foraging range* dictate's the* e*\te*nt tei 
which the hone*\lx*e*s cenilel lx* e\|H*cle*el lei lx* edTee live. 

(/iven that most cix)ppingsyste*ms ase* an*as that an* smalle*i- 
than the* feiraging an*as oi Aftis mellifmt and k renttui. the* 


issue is ne>t that seriems. Ilemever. eivercrmvding of emps 
with be*e*s can (jiiickly cause a ele*cliiu* in the |X)llinator 
lon e as lliev mewe e)f1 le> other forage* ex* even debilitate* 
eiu h e»the*rs e*e)lonies by de*plt*ling resemn es. 

Assuming that the* ele*nsity of [xillinators e)ii a e rop is 
appn>priate* te) the* nee*els e>f the* (*ro{) and tei the* ne*e*els eif 
the* |x)llinateers. the aele*e|uale elistributieen e>f the* |x>llinalois 
is impe)rtant. Fe)r .l. meUiJera it has been fennnl that 
|x>llinaling fe)ragt*i>> spn*ad out w idelv ov er a given e’mp. 
Allhoiigh one miglit exfieci more ae*tivity cle>>er te» the 
hives than at elistance*. erne* e)fte*n finels more or h*ss 
e*ve*n dis|M*rsion witliin an on hani or fie*ld. The* fdrage*rs 
an* me)re elense iu*ar the hive, but the areas covered are 
far gn*ale*r at in(*n*asing dislane*e fnmi the hive*, rims, 
(mm the* re*sulls eif ne*ltl e*\(x*ri merits on eHlse*e*d ia|K* anel 
in on harels. il see*ms that il is not neeessarv te> place* 
I’oleuiies e>f |K>llinaling hone*vl>ees in small groups (alxiul 
I ) thnuighoul the <*nip. larger gnnipings eif hives si*em 
to have the same ellect and ease the je>b of the lx*ekeefx*rs 
pmviding |X)llinalion se*iTices. 

2. 1.2 BUtUe»*»ts of 

rile* subji*et eifeiptimal foraging, by which animals e*x|x*nd 
as little* e*ne*tg\ aslhe*v can to obtain n*seHin*e*> tfexxl) whie li 
n*lum to them the gn‘alt*sl amount of enei^ in a given 
|x*riexl of time, luis ix'eii applieel to |x)liinator leiraging. 
^lo^t research ha< lx*en done using bumbleliee^. but tlie 
same ))<ittenis have lx*en note*el for heHieylx*e>. 

In ge*ne*ral. Ix*e*s foraging al a pate-h of l1owe*rs rie li in 
n‘vvanls(ne*eiaror|x)llen)visil main plants in that patch, 
skipping ewer few and v isiling near neighlxnirs. lliev alsei 
le*nd to switch diivction lM*twe*en eine* plant and the* ne*\t 
se> that the*ir |»ath of |imgix*>s is a tight zigzag. e>fte*n emssing 
itself. ^e*veI1he•le*s^. the* ove*rall pn»gre*ss is germrallv 
feinvanl. If the* |>ate*h eif l1owe*rs is {xxir in re*waixls. Ix'e> 
lend to skip ove*r plants as thev s^imple*. anel pn)gre*s« in 
a shallower zigzag path. The n*sult of this lx*havioural 
|Kitle*ni is >he)wn in the fii>t Figure, when* one e*an se*e 
that a pollinator e»n a rie*h pate*h will accomplish moiv 
Horal visits |x*r unit an*a more* qiiii'klv. anel presumablv 
e*ITe*e t more |Millination. than one on a )xx>r patch. If the 
patch is pexirer. the mobile pollinaleir tend?. Ie> move 
relativelv eiire*ctly and c(ui<*kly tlmuigh it. 

The clues a forager uses to decide* to change pati*lu*s 
an* not fully uiule*i'stexKl. Hit* relative richness of the* 
rewards in varieius paU*he*s are ))resumablv e*ompare*d 
in some wav .so that the (Millinating forage*r can track the* 
sources eif the riche*st returns. Some* experime'iits em 
heme'vlM*e*s stremglv siigge*st that indivieltials de> not do 
that — They remain e*emslant to relatively |)oorIv 
rewanling seniives or to relatively richly ivvvanling soun*e*s 
and do not switch as long as semie reward, al le*asl. is 
available*. This soil of be*haviour may have* to elo with 
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ihe sociality of ln)iicyhccs arnl the overall foraging 
l)chavi(»ur of the foraging population of a (‘olony to 
iiia\inii/c resoun-c accumiilaliori. It does not seem to 
apply to other l>ees or (xdlinaton^. 


in inflorescences, often with their o[)enings or ]x*tal ac<‘<ss 
platf(»nns pitchtnl slightly downwanis. Thus appnKichiiig 
from below is easier. Further, upward flight and 
crawling in combination is more easily contn)lle<l than 
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rre(‘cn>})s. whic h are |)articularly im{M>rtant in the tn>pics. 
w hen in bloom. prescMit to |x>llinators veust arrays of flow ers 
and copious (|uantilies o( resourc'cs. The pi'obleins of 
|M)llination for blcNaning trees are |MN)rly understcHKl. In 
general, on a gicen tree*, the flower-\ isiling inserts lend 
to woi-k their way down llie tree o\er the |H*ri«Hl (»f a day 
or half-tlay. The reasons fr»r that pn*suiiiabl\ ha>e to do 
w ith the sec|uence (»f the* o|)ening of flowers and tlie wa\ 
the rewaixls an* distrilnitcxl in the flowers over the cix>wii 
ofthe tn*e. Individual l»ees generally enter a flowering tree 
at a higher level than lhe\ leave. 'Phis |wlt«*m has Immmi 
attrilHiled to ll>e energetics (»f fliglit and canying the fomging 
loiid — it IxMiig niort* consen irig of energv to start ‘high 
and light* and to descend while U'cmning Imuhnl with 
rwTiar or jK)lh*n. \lovenk*nts onto the next tn*e have not 
l)eeri studied. However, ifceril slixlics in Malavsia (Houbik. 
unpublished) show that Apis koschet nikori and 1. 
(iorsala readily move Ijetween large trees, sl^iying at n>uglil\ 
the same* level alxne the gnmnrl. 

The* |»attt‘ni of movement of 1h*c*s. moths, and birds on 
smallcM* plants with inllorescenc(‘s is generally similar, 
lire forager ascends the plant, visiting the flowers as it 
does so. Several reasons have Ireen given fortius Irehaviour 
and ('(Hiceni the pn‘s<*ntation of the flowers, the amount 
of n*source within the flowers, and the energetics of flight 
and craw ling. 'Hie flower's an* usually fairly close* together. 


downwani motion by (‘itlier. and r rawling is muc*h more 
energv- consen irig that highly exjrensive flight. ()ft<*n the 
volume of ncMiar in lower (lowers is higher than in up{K*r 
onc*s. but is a lc*ss concenlratc*d solution of sugars. Taste* 
satiation by going fixmi relatively insifrid to relatively 
slning would not ha}>fM*n arid allow the (brager to rece^iize 
llu* ({ualilY of rewanl as it f)rogi'»*ssed. Fnnii the plants* 
slandfxiint. it is im|M>rtant to note that many plants which 
pnxiuce iiifl«rn*scem es do so with flower's that are first 
in male phase, pnxlucing |X)llen. and lh<*n in female f)lia,se 
with rc*ceplive stigmas. Thus, as the youngest flower's 
arc* at the lo|>s of inflorescences. |>olh*n is removed fnrm 
male-phase flower's of a given plant alter the |K>llinator 
has already visited the fernale-f>hase (lowers. Self- 
tMillination is, therein. discourag<*d. 

2.4.4 tteharimtr on f'loirerx 

it is cnicial that j)ol!inators work at (lowers in such a 
way as to cause (he tr"dnsfer of |K)llen. If thev fail to rio 
that. (hc*y may not l>e |K)llinators at all. or they may lx* 
inefficient to grxnrter or lesser «*\tt*nls. 'Phi* least t*fricienl 
flower visitors as {Mtllinators art* ne*ctar or |x»llen robbers. 
These visitors cause daniagt* to the flenver's tlwy visit, 
remove nectar or pollen, and cause rur t)olliriati()n 
themselves. They have l»een shown to discoirrage visits 
by ihe legitimate |)ollinalors. either In attacking them, or 
by making flowers less rewarrling. Sane <’ar|x*nler lre«*s 
and bumbk*lx*es are notc»riou.s for' making puncturt‘s in 
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llie Iwst'sdf n<mi*isarul nMnoviii*: lui-larlliat uay. St*w*ral 
OI(l-\\(»rM and Neu-\\oHj| Tn^itna aiv also nectar and 
|K)llcn rolilicrs. taking main minntes to clicw liolo in 
anthcis or corollas. Such Uhn inner even enter the flower 
to touch the stigmata or anthers. 

Otlier visitors nun just l>e thieves. Tliev do no phvsical 
damage to the flower, hut remove jiollen or nectar 
without hnngingaiiout |)ollination. Small U^. ixulicularlv 
Tri^ona and small Haticlidae in the lro|)i<‘s. visit a wide 
diveisily of flowers, remov ing jHillen from tlic anlhei's or 
nectar Inom the lUHiaries o( laige flowers without touching 
the stigmata. Kven honeylx^ can lie nectar thieves. I’hey 
have Inen leconled filten as v isitors to flowers of passion 
fniit. from which ihev dmuom* n«‘<'tar. hut. U'caust* of tlie 
large size of the flowers thev very rarely touch the 
anthers nor the stiginala. HonevUes also are known for 
"sidt‘-w(>rking‘* llowei>> hy which they nMiiove nectar hy 
in.seiling their pnilMi-scidi^s In'tween floral pails from tlie 
side. Thi>* is a common piohlem with some varieties of 
apple, some l<miinu^. and cole en>|>s. 

Such ’floral larceny* detracts from the activities of 
legitimate pollinators hy det)leting the resources that 
lh«*y an* seeking as they visit flowers and touch Imlh 
anthers and stigmata. Can‘ful oliservation of flower visiting 
l>ehav iour < an allow diserimination hetween effei live 
|N)llinalion and inert* floral visitation. I nfortiinately. then* 
an* many puhlishetl a< (*ounts alMiiit ”|H>llinalion** that 
tio not alti'iid to this im|>ortaiit dt'tail. 

Many crop plants have relatively simple flowers frimi the 
sUind|N>inl of a fvollinators )x*ing aide to obtain the n*wanl 
it s«*eks. Open. ImwvI sha()etl flowei's. and the comtilex 
innon*scenct*s of tin* sunflower ( Asteraceae) and earnot 
(At)iaceae) families |)ose little challenge to flower visitors 
extracting the n*stHm*es they seek. However, the ctiinplex 


fltiwers in which the n*wanls 
an* flit Iden w ithin. such as in 
nectar the tulK*sof flowers of 
the mint family (i.imiiuceae) 
and legumes |0*guminosae) 
or hitldeii [lollen in the 
hlueU*iTy family (Kricaceae) 
or tonuilo family (SdtUUKvael. 
re(|uin* s|M*cial skills for the 
IMillinator. Kesean hers have 
found that (Millinators (e.g. 
hunddehees. Iioneyhees. 
and leaf cutter bees) must 
invest some time in learning 
how to mani[nilale sue h 
(*omph*\ flowt*is to iMvonn* 
sp<*edy and effi<‘ienl in 
extracting the rewanls they 
seek. and. coincidentally, 
causing ]M)llination. 

Watching naive iM*es fumble with complex floweis during 
their first few encounters with tliem can be cpiite 
amusing. It is worth keeping in mind tliat the more 
compli’X flowers usually pnMiuee mon* ivwanl of a higher 
ipiality. (ditainable only hy a restricted guild of 
IMillinators. The value of giHid edneation is siigg(*sted 
to humans from the study of iwdlination. 

2. l-> 

As noted alnne, l>ees and otlier |H)llinators in general an* 
4'a|)(il)leol leaniing to ie<*ognize v arious cues and to |)4*ifonn 
various tasks. Althougli the dance language is of prime 
im|M)rtan4-4‘ in ori(*ntation and tlu* transfer of infomiation 
among honeybees. foragei-s are able to im*mori/e the 
landsea|H* over which they forage. Tliey (levelop what are 
called <-ognitive maps which enable them U) Jirientate 
tlKins4*lv(‘siiHl(‘|M*ii4l(i)tly of.(Ui<l tosuppl(*nK*nt infonnation 
from, tile |N)silion of the sun. Iliese cognitive maps use 
v isual and olfa(ioi*y landmarks. Oth(*r [Millinators an* 
also know to use lh<*ir familiarity of lan<lscap<* in their 
fiome ranges for orientation. 

The advantage of such behaviour to accuracy in 
homing of Im*<‘s. or olh«*r |Millinatoi‘s. as they ivturn to 
their nests or UNists is plain, but it also works on outlMUind 
foraging flights. I'his results in individuals having a 
tendency to return to the siune foraging sites, t*speeially 
if th«* ivsouives then* aie plentiful. Tlie phenomenon of 
site (‘onstancy can detract fmni |)ollinalion efficiency. 
es|x*cially if the site ha[)|x*ns to lx* a single, largi* tree 
that r(*quires emss [Millination. 

The iin)iortane(‘ of floral constamw by [lollinators is< lear 
fiom the plants* v iewjMiint: the fiollinator v isils the flowers 
of only that sjiecies and so is moie efilcient at transfemng 
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Iiloiini with iIk* sliniiilus of lengthening 
(lays (as in the eariy |wrt of the year in 
the northern heinis|ihere) or dt^-lining 
(lay length (as in the latter part of the 
year in the northern hemisphere). Otliers 
are nnafleeted hy day length and 
hlooin once the plant reaelass a certain 
size and are daylength neutral. 
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|Killen. h nini the stand|xiint of the |Hillinator. fainiliarity 
w ith the (lowers of a given s|«»cies. and how to most 
efficiently olitain the resources sought, is enhaticed hy 
leaming (as noted alxive) and hy floral constancy. 

Floral Rhonolofiff 

Moral |)lienology n'feis to the hloaning sc(gience o( (lowers 
and their development in tiiiK‘. Both (iincepts luv im|H>i1anl 
to |H>llination and its management. 

In any given l(Kation. plants flower in more or less the 
same se(|uence fnim year to year. How this se(|uence is 
gmenied hy nature is not fully understixxl. Some plants 


.Mso anecting the rate at which plants 
come into hlixiin is the amount of heat 
that has aceumulated during the gniw ing 
season. This is often measured in 
■(iniw ing Degnx- Days' alxive a certain 
threshold tem|X‘ratiire. The details of 
how to accomplish these measuiements 
and how to esiahlish the threshold 
tem|xratun's aic well know n. Ixit Ix-y ond 
the sco|x* of |xillination |x*r se. Kor some 
cro|is, such as maize. 'Maize Heal Lnit.s' 
(which are HGDs) are well known for 
many varietitsi and useful for predicting flowering and ear 
ripening dates. The llowering sequence of apple varieties 
can also he predicted hy (iGI)s and the sequence, 
asynehninicily and synclminicity of hlixiin Ix^ween varieties 
is important in considerations of orchard planning for 
inteqilantings of |x)llinizer varieties for the main crop. One 
variety of |Milliniz.er potentially may Ix' ahle to fertiliz(‘ 
another v ariety, hut if they hkxxn at dilfenait times se|xmtted 
hy a little as a week or so. cmss-|X)llination hy insects 
cannot (x-cur. In many [larts of the world. es|>ecially the 
seas(xial tn))ii(s (wet and dry seasvxis). [xcstaKc (S' aliseme 
of rainfall may override any elTects of day length or 
teni|)eraliires. or hoth. Thus, gnnvers and |x>llination 
managers must lx- ahle to "read" the seasons and k(X*p 
in close contact to c(x>nlinate their activities to ensure 
|x)llination is at its maximum. 



B(H‘k(x*|xTs and [xvllinator managers must Iw aware that 
their wan Is nxiuire fixxl at times other than vv hen the cn>p 
tolx*|x)llituited is in hlixan. Tlius. know ledge of llowering 
pheixdogy in a region is im|Kirtant. (kxxl fxillen aixl nectar 
availahility stimulates active foraging and hnxxl rearing. 
Thus, to prov ide a strong |Millinator force for a crop, 
(xdlinalor maiuigers sluxild keep theiraninuils in nsaxin’c- 
rich areas for some time Ix-fore mov ing them to the cn>p. 
Fuqher. if there isa gx-riixl of dearth (diminished availalality 
of resomces) managers should know when that rx-cum and 
its duration. They should therehy know how much 
supplemental ferxiing. or niigratoiy practices, are re(]uire(l. 
I’ollinator managers may al.so lx- ahle to prov ide serv ices 
to a S(X|uence of dilfeicnt cn>|)s. Glearly they ikxxI to kmiw 
when each hlcxmis, for how long, and what ty|x*s (nectar 
or (xillen or Ixrth). (|uality. and (|uantity of resoun-es the 
cn>p olleis to the |xillinatois. 


lemule Xylttrofm visiting the n<wvernf Cammilia 


Once pollination serv icrsi are complete, honey Ixx- colonies 
may lx* weakened. Often the aim of prov iding |x>llinaturs 
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to sulurat(‘ tin* McKmiin^ rmp lo 
assiirt^ maxiimini [xilliiuUioii. This 
civales inteiis*^ ainnii^l 

ihe poliinators so thal llioir 
populations ox(V(mI iho earn ing 
rapacily and so weaken. A 
pollinator population, such as ol 
hoiu*ylx*<‘s. so weakeiuxl sluHild U‘ 
niovecl to a resouree-rieli 
enviiimment for iveover>. One »>f 
the most serums t’ases re(]uiririg 
this sort of inanagemenl is in 
))ollihation in gmMihoiist^. 

'Hie situations iles<rilM^l alx)V(* var\ 
rn»ii phue to phuv and <n>|) to emp. 
llms. it is dirTu ult to arrive at any 
hut the nxxst general of sugpesti<ms. 

Nevertheless, the value of the 
"^fioral rn/e/if/er*' ran he 
appre«*ia!«^l. The (loral calender is 
just a listing of whi(*h flowers hl(x)m 
when and for how long. ciHipltnl (f(»r th<* sake of practicality) 
with their ahundance and vahu* to |H)llinators. Floral 
calemhns must lie pivpaied s|M‘cin<'all\ for pailicular 
n^gions for wlial may apply in one place nia\ not appK in 
another. e\en sometimes <juile iiearin. 

-At a liner level is the developmental sequence of 
flowering on individual plants. Some plants ai(‘ 
“irif/e/er/iiiuu/e h/ooi/ier.<” hut others are 
‘V/e/ermiViu/i'” Indeterminate means that these plants 
continue to produce flowers over rather ill-defined 
perijxls. Some contimu* to produce nowers especiallv 
if |M)llinati(»n has Immmi lacking. Most inscH-pollinated 
annual crops (except cenuds) fit this categorx. For 
such plants the liming for (xdlinalion to lake place is 
not so critical because the plants, nmre or less. 
com|K*iisat(* for un|K)llinat(Hl flowt-rs l>y pn)ducing iiioKx 
In the tropics. S4mie peixmnial cn>ps aie indeterminate 
bloomers. For these, the pollination season is long. 
Detcniiinate bloomers are best illustrated by (M*n*nnial 
cn»ps. especially fmits. Fome and stone linils are gcMxl 
examples. They have a fixed number ol flowers which 
w ill o|XMi ov«‘r a ndatively short period. Thus, the periinl 
for pollination is short and critical to gt^lting gixxl yields. 
W ith such crops, gn>wcr atid pollinatcjr-seivicingelToils 
must be cl(»sely coordinated for the liest results. 

hi the wet liopics. determinate bloomers may t)nMluce 
infloresceiues that are <lelenninate. but the plant may 
continue to blcxan alnK>st or ccmipletely year-niund. Oil 
palm is an excellent examph* ( 2 . 5 . 2 ). 

At a still finer hwel is llu* phenology w ithin individual 
flowers. It is ini|x>rtant to uiulerstand the stages in flower 
maturation, especially for pesticide applications. For 
example, on [mmiic (mils, insecticides and miticides for 




uf(t*r petal full \oung tniil 


control of h‘af n»llers. leaf miners, fniitwoim. n*d miles 
are applied up until the first flowers come into "full 
pink** biul (see Figure). Once the flowers are open, the 
risk of |M>isoiiing pollinators is great. Kven after "petal 
fair or "calyx" stage, w hen spraying against other itise<i 
and mile fmsts is iiMMunmendefl. pollinator populations 
(hone) bees <ir 4)lher removable lx*es) slumhi be taken 
awa). The prec e^ling pn-sents the stages that ha\e Ix^en 
adopted for pome fruits. .Smie hermaphroditic lloweis 
shed |M)llen before the stigmata are receptive. These 
are leniu^tl "protandnnis". Others have matun* stigmata 
belore lh<* anthers dehisce. These are termed 
"pn»log> fimis". ( )tlieis have the differences in maturation 
so slightly separated, or mature stigmata and antiu'rs 
simultaneously that they are ternu'd "hoiiiogainous". 
Most crop plants produce homogamous flowtns. 
Protogvny is quite um^ommon. 1’he importance of 
umhnslanding these line rlifferences lies in also 
understanding the atiivilies of the [xdlinalors. Follen- 
colle< ting bees learn quickly to avoid flowers lacking 
in |K)llen. i.e. flowers in the female stage*. Fortunately, 
for cii)p |xillinalion. die'hogamv (preilundr) or pn)togyny) 
is generally wt*ak or abseih in dotm*slicaled plants. 
However, much remains l<» be learned about the floral 
biology <»f Irotiical. perennial enrps. 
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C ISE STl DtES 

Insert pollinators have l»rrn rrro*;ni/r(l as (‘Htiral to 
pollination of agririillural rixjps in llir tru[Hrs. (ilioosing 
an apfm)priate |x»llinalor arnon^ myriad flower visit<»rs. 
aiul f<»r mass-ivarinji, an* ini|N)t1ant Idrsurressof niana^txl 
{K)lliiuilion(seeSeilu)tis 1.3 to l.5,2.l.)* »uisl 

Iw* taken lx*\ond the KuroiH*aii lioiMwlx*e — r<‘ariiif; — 
pollination paradigm in order to selec t appropriate 
tx»llinators for diverse Ir’opiral plants. Honeyln'es are 
not a solution toevei\ |M)lliiiation pn>l)lenua'^dt*inonstmted 
l)\ oil palm, passion fruit, durian, and oilier wiilelv- 
rullivated tmpiral crops discussed here as examples. 

In agncMiltiire wlK'n' cissisted fM>llinatit>n is r(H]uiii*(l. an 
understanding of |K»llinati(»n enirac) Is closed) aligned 
with undei-standing the flowering tem|M> of cmp>. I hc 
existence of a dual Jlouvriufi tefuffo among tropit^al 
crops, and contrasting life cycles among pollinators 
(IkiK Uxsi. nioaiid olheis) demands dilleniit managiinent 
strategies. ManagenienI of hone\lx*es and car|x*nler l»et*s. 
for example, follows a pattern show n hy dinen*iil flowering 
temfMis of lIuMrlmpical ixsiourres. liming is always crucial 
for the slocking of ahiindant pollinators to provide 
|H>llination services. Although we do not undersland all 
the iiu*chanisms that may o]ierale. |N»]linalois likely lime 
their life cycles to coincide with the availahililv of fltnal 
re*soim «*s. which in tun» an* usually regulat(*d hv rnoistim*. 
tciiipeoiUm* and dav length. 

1lie two most distinctive ealegories in flowering can easilv 
he nv»»gnized: 

'lyjM* I — /VnW/r jloirariuf*. or the *Uioni- 
and-hust tciniHi'fl to 2 eyeles/year) — s«*en in maufifK 
UU'hL nirnhiitan. duritiii and ruhln^r 

lV|>e II — Sust€diu‘d Jhm'4’rinf£. or the* *hum- 
diiiin lein|Kr (6 to 7 eyeles/year) — seen in oH ludm. 
aMoa. aHonul. starjhiil, u nlermelon. fHission fruit 
and sourmip 

Tli(*s*‘ two flowering IV IN'S* c<Hix*>|XHxl todifleiXMit |M»lliiUitor 
managenn'iit schemes: 

1\ |M* A — minatory uwuaf^pnwnt. or the 
movement <»f colonit's or |N)llinalors into crop Helds 
as tlu'v are needed 

Tv|m* H — stationary maaa^puwul. or the 
vear-mimd mainh'iiance of |K>llinatoi's in the field 


Varied PaUintiiors for Sauth^asi 
iMOti Crops 

h»rcm|is that hkxmicontiniKHisly.alMHit ever) IwotiNmlhs. 
the use of hivcxl <*oloni(*s of l/>w (vraiia is reconimeiided 
for estahlishment in the creep area. In contrast, the 
management of hee* colonies her crops that flower 
|K*riodiciill) should iviy on \. mrilifrra; feer which migralterv 
lM‘ek<H‘ping is nant* suitahU*. BtMween the two extremes 
thtMX' an* eetlu'i* flowering l<*ni|M>s. and |M)llinator t\j)es that 
are adapted to them. The l«M al flora clearly will affect 
w hether colonies or other |Nell inalots can 1 >e siistai ned (see 
S<*cti«ji> IXl^uulZl). 

11ie llmo examples chosen of U-es nutuigcxl li»r |x»llination. 
involve one of the Asiatic honi-vhees. 4/»«cerr/m/. a laige 
car|)eiiter Imx* \yluri>fHi (IValy-tu^iadatlfUiix's. and stingit*ss 
1 m*<‘s of the genus Trifiona. d’here are more than a luindnHl 
Inn'S of these gt'iiera in MUitheast Asia (see IntnKJuction). 
and man) may piove adaptahle to similar management 
U'chrii<|ues. However, the other s|NN*ies of Asian lurtievU'es. 
, !/>tv koM-hernikot i. \f)is <lor.sata. Apis andre-niformis. Apis 
Jlorra and giant honeylwes of the Philippines. Sulawesi 
and the Himalavas, though n'cogniztHl as significant to 
some fruit c*rops, are still not easily manipulated for 
|>ollinati(m serv ices. 

i ) l|M.v <*(»raHa for |M>ffiiialioii of roconiil 
otid sUtrfrmU 

• .tpproprio<<> eififtpinpittf 

llie major principle lor scdecling appn)priate materials 


HIVE DESIGN 



liir — (limeii>iiiii-»: ifnmx*) .Tt \ 18 cm: (iMiitoni 

iKKiitll 12 X 8T X fin wiile: (ImNnl i-luinilKT) .'i.A \ 80 \ 10 fin 
ilff|i; limit'i' enu'r) x JU) <'m. .'M-n't‘iii*«l niifiiitig 17 x U) 
fin): luHifv >iuj«'r 85 x .‘tO x 8.5 fm 
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POLLEN TRAP DESIGN 


POLLEN TRAP DESIGN 

(HOnaONTAC SCHEEN) 



l«o (x)l(fn lra|»> for lln* liivr Ikix*: tmr wii 

to inainluin A. ('emna is to imini)ordt»* llir suliciil hiolojrical 
asporUs of llir s|H*<'ies and i‘ii\ironiiiriital roiulitioiis in 
liivf (losipi and oilier eqiii|)ment. H\ lluil meiisure. 
ad<»ptinn and nuMlification ofllie I. mclUfem liive desipi 
for. 1. cerwm must off (HU'S** eonsidi‘r llu‘ sinall(*r \hh' and 
(‘oliHiN si/(M)f .t. fvnma. In adilition. lii<‘ lak(idl and landing 
iM^fiavionrof 1. arana at the hiu\ hninid uealheretHiditHHis 
(»r lieaw rains, and proIfNiion fnan pn-dalois at tlie hive 
enlranee all iniisl Ik* eoiisideivd. 

Many of the slleee^sfnI tmditional soniheasi .Asian hives 
‘‘"f'eltulogs'' fn>ni hollow ln*e trunks, and the mo<lified 
i.angslroth hive desijin (see l i«»iire) ineor|H)rate sueli 
features. Tradilitaial hives may he suitable for |H*nnanent 
apiari<*s. I'lie Taiwanese hive de>ipi — with wiie nu*sh 
windows for ventilation, and a<ljiistabli* entrance ga|»s — 
was developetl lor migratory beekeeping and the 
confinemenl of colonies during ehemual spraying. Sufierior 
ventilation of the hive is given by the remov able w in* nu*sli 
which is critical for the Ik*cs during liaii.^porlation under 
hot and luimid (‘ondilions. 

in all ihealKive liive designs. c(»nln»l of hive huniHlilv and 
predator access at the nest entrance can be achieved by 
(‘onsliiicting or adjusting nest entrances to provide an 
ime\[A>s«nl laiuling lK>anl. This IkHIi itHliK es e\|K»sun* to 
toiTcnlial rains ami also reduces detection bv natural 
enema's, like was[)s. U»ads ami binls. 'Ilie landing Uianl 
should not pi-oj(‘ct Iwyond the hive platfonn. 'rinis U*es 
an* abh* to fly rapidly once outside the hive. Small hivt* 
entrances will assist the 1 k*cs in n*gulaling l»*m|H'ratuiv. 
huniidily and theeva|Kmili(»n of water fn>m iu*<'tar to make 
honey in the hive, especially under hot and humid 
( onditions. The choice of a ivkilively small volume of the 
hive, and small franu*s and honev super’, allow for the 
intcmiiltent and small volume of floral n*sources harvested 
by bees from the (*rop plants having a sustained 


(VERTICAL SCREEN) 



ln*rizontal or vertical pollen trap sro’etis 


flowtring temjK). A jKillcn trap, which sn|iicslcis some of 
lh(* colonv's inc(»ining |N>ll(*n. cun also Ik* designed such 
that the landing IkwhI is unex|K>sed. Ilie trap is jilacetl 
U'lieath the hive, like the well known ’(). A. C. |Kill<*n 
collector* (see Section 2.^k2). ratht'r than ex|K)s«‘d tin the 
landing iMKini. Poll(TU‘olK*(*tion by ihccoltmv isslinuilalctl. 
when some of tin* normal pollen int tmie is rt'inovetl. 

• C'oloiiii preparation for migratot^ 
het^keeping 

(.olonies s<*lccted for imivingarc ttilK*pn*f»an*d inadvaiwe 
anti a schetluh* shtudtl bt* folltiwerl. in general, the 
managt'intMil pnM*ctliuv is similar lt> the management tif 
d. ntrilifmt. i.e. iKttvsling colony fMipulalitm. rx-t(ueening 
if nect*ssaiy. and fettling. 

• St€H‘king tiensntg 

Numbers t>f ctdt>nies neetled tt» serv ice crops like 
watermelon, coconut and starfruit varies frtnn 1-8 
ctilonit's/littiai'c. Although no pni|K*r studies have Ufti 
tnatle. this suggesttti slm king density has 1 h*<*ii widely 
usttl in s(Hitht‘asl Asia. Phe distribution of ctilonit*s in the 
4‘mpaiva is in(1ut*ncttl bv iht* availahilitv t>f shade. wat«*r 
sources, restmn es that can Ik* reachttl by the Ikts in a 
foraging ratiius of al N»ut 400 im'lem. tmiltvtitm from natural 
etu*mies. and public siifety. 

• Vehivie 

For a short tlistance, the firactical uumIc of trans|K»iling 
cttlonit's through namm ami diiricult acct*ss matls is a 
threc-whet*l motorhikt* ralht*r than a liuck tir Itui’v. The 
small vehicle is easilv numeuvened.Tliis inelhtMl is witlely 
usetl in the ctK tHiut-grovving areas of (K'niiisular Malaysia 
and \it*tiiam. Small imeks (2-ton) can alst» lx* ustti for 
longt*r tiistances if gtKKl nuids aix* availabit*. 

Making an ugnt‘mt‘iit for |M)llinatioii sen ices nt|uircs that 
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M(M)itlin| liivr ciiiilainiii;' 4-oloiu of l/itwrmm/. 

an<l hi\t^ placM^I in <-cM'<>nu( |Kilm piantuiinn 


ihc lM‘<*krcjM*r uml grovvt*r or planlalion owiirr sign a 
(iiM iinicnl (st*f sainplt^ conlrads in A|»|mmuH\ II). Kor 
lai*ge |»ianla(i<»ii mMieis. small-st ale l>eekee|)er> can lieM 
\sork ihnmgh beekeeping eooperali\es io provide die 
i'i‘(|iiin*d miiniMM’ o( liee colonit's for |>ollinalion scituh*. 
Agricultural institutions can providi* organi/ational 
skills ami extension services. Beekeeping c(K)|)eratives 
can n(‘goliate for a collective hargain. for the interest of 
semi-literate l»eeke"e|»ei>. and act on their Uduilf in drawing 
up a |M»llination contract). I1iis is seen asant'sseiitial step 
in lacilitaling migrator) iNM'ket'ping and fxillination woi-k 
(see Sftion 2. 1 ). 

The management team of the l»eekeef)ing c<K»t)eralive 
will initially conduct an evaluation on the condition 
of hee colonii‘s (see App«‘mlix II ). in t<‘rms oi colon) 
si/t* and health. They may also set standards (or 
management and a work schi*dule. Stamiant hires. 
in this context, aix* a gr<‘at aid to manageimmt endrls. 
Beekeepers can either participate liy renting out 
their colonies, selling ihein. or invest lull) by collecting 
the dividends afitT the season. A management team, 
consisting offew "immI lM*ekee[X‘is (nun the cmifMTative. 
can be responsible for the maintenance and 
iranspoilation of (‘olonies. I his form of management 
helps to avoid confusion that may arise from 
involvement of all pai(i< ipaling beekeepers. Work 
schedules, such as feeding, boosting colony strength. 


colony division. re-(|u<M‘ning. <‘l(\ must be left to the 
discretion of the management team. 

• flic> lat'aium 

In s«de< ling a new lot'alion for the liee colonies, soutves 
<»f running wat(*r(e.g. stivams). drv gnmnd conditions. 
4‘\posur<' to natural imemies (iiinls. toads, wasfis. and 
weaver ants aie the usual nuisiUK es to the liees). shade, 
accessibility ami convenience — away fmm the public 
and [Missible vandalism — tranh.distnbution (»f |H»lentiul 
fomging an*as and many other fact4»rs must l>e taken into 
consideration. Hie IcK-ation must lie acct^ssible. at least 
by rocid or fmitpatlis, to Ik* r4‘aclu*d by vehii-les. Pla< ing 
colonies uiKler<-anHHiflag4* or plant k*av4*s iK*arthe entratKe 
of hives will aflord pmte<-tion fmm binls and wa.sps. In 
aiklition. sluule fn»m bushes and tall tn*es will keep colonies 
from ex})eriencing Uni much heating. H<»wever. t(K> much 
shade will make the aiea unsuitably damp after rains. 

• storing voionU*s 

Traiis[MJt1 is usually <lo?ie at night for several reasons — 
sucli as eliminating the pioblem of overhe*ating <luring 
travel by day, and to ensure that colonies are confined 
within tlu ir hives. The hives are closed immediately 
l(»llovving sunset, when all the l>ees have retiimetl. diming 
ofc(»lony lrans|K)i1 is critical and de|x*nds on tin* crop (s<*e 
Sections 1.2. 2.1). d he Taiwanese hive design has a 
collapsilde enlram c — a Utanl us«*4l eill«*r to close the 
4‘ntmiu-e(jr the wimlow. W hen moving <-olonies theenlrdtk*e 
is 4‘losed ami the wire-mesli screen wimhnv allows 
ventilati4Hi on IkuIi sides of the hive. L jx)n arrival the 
entrance (*an be 4>peiuMl ami tin* wimhm is cl4>sed. 
(a)nlln4*mi*nt o( Im‘4*s in this t)|H* of hive is als4> easy t4> 
a4 lu4*ve at linu's when |>esli4*ides aiv applitni — es|)ecuilly 
us4*(4il fiM' hives lliat aiv kept in slarfniit fields. 

W hen <*4i|onies are stacked on t4)p of ea4 h ollmr during 
iiHwing. sufficient ventilation must l>e pmv idl'd lM*tW4*<'n 
a4lja4ent colonies. .Shaking <lunng trans|N>rtation <*an causi* 
combs in the hive to bn*ak and thei'i'fon* tlu* combs should 
hav4* com[)l(‘te fnime and w iiv cn>ss-sut>|M)rt (Section 2. 1 ) 
ami care must be taken to minimize vibratiim during 
moving. Water is sprayed (H'casionally 4)ii the hives to 
prevent 4»verheating. Ilie fl<x)rof the truck. wlu4 h vibrates 
and is a source of heat. mu.st Ik* pn»|K*rly vi'utilatiHl fnmi 
tlwfnml ofthe V4*hicl4*. mnl fHV‘ferabl) insulated. An electric 
fan may 1 h* used. 

• !fiattagittg iiw voionU^s 

I |Min airival. the hives are unloailed immediately into the 
new ai«ar) site and. if n<*ct*ssaiy. cohmii's are fed w ith 
sugar-symp to re4lu4*e ihi* i lianci* of absccjnding. W hile 
Ie4‘ding w ith sugar s)rup <»r granulated sugar, comb 
4-onditions may lKMiis|K*cled. to remove or re|mir damaged 
coml)s shaken out of franu's during trans[K>i1. 1 tmiist (*are 
and attiMition must Ik* givcMi (4) ants m*ar tla* hiv4*-sup|M>rt 
or on the ground. Fhe ants might attack the colony 
iluringthe first ilay. 'llie colony will usually lK*aliletotak4* 
4*are <if ants* after being settled more than a day. 


lit 
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\\(H*<ls anMiinnijm'srnl in tropical on*hanls and h(*i1m Mlc 
applirati<»n or rutting should Im’ ronsHlt'rrd. At linu's. 
slrifM'ulting of flnwrring werd> is nrrt^sarv lf> indurr 
visitation l)v lx*<*sat crop Hounds. In rliiuirialingc*oni|M'ling 
ld<Mmis. Munage*mrnt of wf‘i*ds ran Ik* donr In ( lilting 
Iwfon* intiTKlurtion of llu* Imh‘ rolonirs. 


Tlir passion friiil usnullv rripiirrs a large hrr for 
|N»lliiuilioii. Hi'raiisr passion (luit Idoonis tlmuigliout 
llir vrar. it liriirfils from tlir ronliiuird prrsriirr of 
raiprriter l)rrs. wliirli are largely seasonal. Ceilain 
inanageamMil U^rliniqurs ran help to rn-alr an adi*qiiale 
mvinHiimaital nirlir for V>/oro/x/: 


2) Carppiilpr ho^s (XifhtcMtpa) 
lor p«»fliiicflioti ttf pcijotioii friiil. 

I\>llinalion of |>ussi(Hi flowriv. hy rar|)enter l)ees is a classical 
exaniplr of a <‘mp plant that has a ronsistrnl ivlalionsliip 
with its inst'cl |K»llinators. pninarily ihi* raqxaiUT 
In soullii'ni Asia the piiniar\ |)ollinaling AVAk'o/*#/ is often 
A. lali{H\s Isuhgeiuis HalynojHMla). Passion fmil has a 
laig(‘ly si*lf-inromjwtil)le hivrding system, although liiiil 
pnxliirlion is also limited l»y fartois other than |)ollinalion. 
I)<‘spit(‘ th(‘ high fidelity In'twriai the |M)llinatoi and plant, 
interestingly. rar|X‘nter hei's do not collect the llonci s 
)K)ll(>n. hut oiiK nectar. The sanu* is tine for most other 
visitors. Pollen sources aiv sought fmm oth(*r flonei's. The 
{Milleti grains an^letxisiu^l on llK'sinixilh and shiny doisum 
of the cuqxMiler Ik'cs while the Ihvs jilace their heads 
helween the stamens and the floral l>ase. where nt‘clar is 
presented in a tnmgh (see Section 1. 4). 

Fnim a practii al stand|X)int. llu* ahuridance of caiiienter 
hees must U* augmented to meet the |x»llinalioii demand 
tunl»*sssellH-ompalihlecultivars an* d<*\(‘lo|x*dM)themiM*. 
commen’ial planting of passion fruit iv(|iiirf*s manual or 
haiuhassistcd )N)llination (using timx* nngei's), to |x>llinat<* 
the flow Cl'S of th(* s4*lf-in(‘om|iatihl(‘ (xLssion flowei-s — as 
practiced in passion fniit plantations in liahia. Hra/il. 

XxliHxifHi (rar{)fiUrr Iwt*) iw>l Uwo: 

.'^2 \ 2tt X lit ( III !(!■«'[) 

Carpenter Bee Nest Hives 


• f. 4 M*filioii ol iho iwsihig 

In (‘hoosing a nesting site of carpenter hees one must 
consider; ") shelter fnun rain, h) trellis onenlation. v) 
a\ailal>ilit\ of )M>llen soun t's. and cf^ mating ii‘(|uinint‘nts. 
Since caii>enlcr Im'cs onU hnild their n(*sl in dn wikhIs. 
pn>t4*ctioii (mm rain must lie assuiixl In pnniding a nx>f. 
such as atlap l|)alm hranclu's). hut not metallic mateiials 
that iMM'omc heated during hot days. Ilie shelter should 
lx* walled to n*diu*(* heat radiation, hut must not impedt* 
the Ik'cs in their f light orientation. If walls arc nct*dcd 
to prol(*ct iK'sts from the drifting moislun* of heavy 
downtMKirs. spaces for light and flight pathways for 
the hees should he considered. 

(iross-poliination in |>assion fruit can h<* encouraged 
hy |)la(’ing the nests in the miV/f//e of tiiv imssiim 
floorvr tines' treilis. rather than at the heginning. 
\\ hen car|K*nter Ixes forage awa> fnHn the nesting site. 
mo\ing from one trellis to the next accomplishes 
outcrossing. Foraging from cme fl(»wei to the next on 
the same tn*llis will |)roduce selfing. 

A\aiiahility of txillen sources in tin* morning lnmi*s 
is crucial for the hees. Passion flowers in southeast 
Asia oiler their nectar after midday. Ih*es need a 
p(dlen soiirc(* that is availahh* at a diffen*nt time. 
The Mowers are needed in the vic'init) of the 
nesting site. Thunherjiui. Jaranuula (Bignoniaceaet 
Pi'Uo-jiimnnn. Gl\ri< idia (L(*gumiiiosa(*) 
and man> tethers can he planted as pollen 
sourc(*s (or the carpenter hees. 
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Malinj; In caiix'iilrr lifcs laki-x plui c nenr 
I he nesting site in an open space, lo 
a(‘C(HnnHMlale{x*i‘ching Ixdiaviourof the nial(*s. 
and prmid(* a flight path torlemalt*s. an o|M*n 
an^a should Ik* available ru^ar the Im*c ru*sts. 
Males iw*t*d |H*ivh posts to wail for females. 
Peivhcs can In* pn>\id(*d hy (‘reeling jM)h*s 
amund tin* in*sl sites. During copulation (in 
tln'aii) thi*f]iglit tak<*n hy tlu*coiit)l(*s istowanis 
the sun; an o(x*n s|xice near tin* nesting sh(*ll<*r 
will h»*Ip the caipenler l>ees during mating 
llight. 

• tu^sts 

File recommended hive tlesifai for rearing 
carpenter h(*es is similar to the multiph** 
comh hiveoi tin* ln»ne\hec liecause the “hce 
sjiace** concept of l.angstroth is in(*oi*]H)ral(*d. 
Flic hc(* space for A y/oro/w/ lafipes is 2. 1 cm 
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TOP VIEW 

±C=: 


inili\iilu;il ImtiN* ftM* raqN'iilrr Ikv ni>l 32 \ Ul\ 

17 «'m: tutir rntraix-t' aiva |»n)lniilt*> 3 mi ln\r aii«l fraint-. 

ami m\ 1*1'' \!{K I II Vi \ Kin'l(iAI.LV enlramv art* 

inlrn alaUtl <rthrr Kigun^^) 


— llip (liameler nf Uintifls thal llu* \iet‘s excavale in 
w(nm1. Miilti[)le removable Iratnes are positioned in full 
eonlacl in a liive with a lop rover (see Kigiire). The 
entrance olTlie hive is l<K*ale(l on the individual frames, 
at the lK»lloni. No bottom iKKirds ai*e needed. Multiple 
frames an* for the pur|K>se ol colony expansion. Further, 
the frames are slightly larger tlian the bee spa< e. ihive 
centimeters in thickness, in onler Uj restrict fiori?:onlal 
extension of the carpenter bees* galleries. 

The car|>enter bee hive design <‘onsists of **fiuinniy'' 
entrance, .solid frame of dry tcoml. hire hotly and 
top rover. Soft, dn, w(kk 1 containing not ni(»re than 21% 
nioistinv is a ivquirement. Moistim* exce*<iling21% may 
c ause the ]M)llen provisions in the boMMl cells to ferment. 
Nesting >\(N>d can l>e cut and left to dr> in the sun. then 
later placed in an oven l<» reduce moisture to < 21% if 
the air is luimid. Soft and drv wckkI is pieferred to reduce 
the lalK)r<»f the l>ee when constnu ting its nest galleries. 
The dimensicMis ol the hive are shown in the Figure. 

for nesting siil)struU‘. the f^ntin of the frame should he 
horiz4mtai The i aiiJentcT l)ec*s will {•oiistnict galleri«‘s 
along the* grain, li th<‘ wocxl grain is vertical, galleries will 
lie made in vertical |Kisition (<m). making it dilTieult for the 
ciir|x*nter l»ees to reiiKwe excavated wood materiids upwards. 


that of the natural nest, and the depth of cm for the 
gidlerv is sufficient li)r a car|)enter l)ee to stay in th<‘ gallerv 
in a curled {xisition — during the initial days of founding 
a new nesting site. 

• XtidUional tevhniqm^s 

For promoting new nest establishment by carpenter 
liees. icNating wild nests for initial build up of tlx* |m)| dilation 
is usually quite easy. Aj>()un*ntb. lack of masting sul)slrdt«^ 
and lloml lt^*sHm’es for |>olhm and nectar mv problems 
for the l)ees. ’fechnitjues for colony eslaldishment. and a 
colony division teclmique to increase the iiuml>er of nests, 
have l>een successlully develo|)efl, as des< rilHMl 1k*1ow. 

I'o indiH'e Imx's to Ix'gin new nc*sts, a Im»\ <»l un('oloni/.ed 
frame's with elummy entranc es can U* plac'ed next t<» an 
establish»*el e'aqx'uUT bee nest site, as follows. First, the 
nesting substrate is jarred until the bees mme out of 
llieir tunnels. (^Kiickly. enlraiK*es of the alraiirktiuxi galleries 
are s<'ale<l to pmvent the Im*cs Innn n'tuniing. Pebbles or 
any other hard material cai» l»e used for this pur|)ose. 
SmuMimes. when the caqM*nter lx*es refuse to leave the 
m*st. the wcKxlen sulrstrales will have to }>e broken o|>en 
to force them to leave. For shelter during the night, the 
homeless caqxMiter will take n‘(ugi‘ in the dummy 
entrances. Make sure thal more than suffieienl nest 
sul)strdles an* giv«*n when the* <dd nesting substrates are 
removed or made inaccessible. Next, check that 
disturlKinces fnmi ants do not cause total aixmdonment 
of the aiva. W ithin days, the caqM*nter lx*e> will start to 
coiv^tnu t new gall(‘rit*s. Ix'ginning in tin* dummy entraiK*es. 
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A 'dummy* entrance is placrd at the middle bottom of 
tlie di*yw(KKl frame to entice female Imx*s to select a new 
iu*sting site. Hie Irafxv.oidal sha|M» is to allow placement 
of the dummy entrance at an angle to the frame wcmkI. like 


imM-tnlim* (or sMilrliing roliHii/nl .iiid im<*4»l<ini»‘(l UMween 

ii«>t hi\(*>: ()ii> now in Inmio slxckn. h> lltul 

will f)nign*s'iively cotonize tiu* framo> 
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ii i!u‘ ]> n*lalivt*l\ m)( 1. < on>lin< tion fan Ik* 

a(‘4*oinplislu*4) uiihin a wcrk In tt*n (ia\s. 

Spliuin^a lii>f o(<*aii if ntf ring's iv<'oiniiifn(lf‘4l 
anil ^pii'nil tlif |K)piilalion in iif\\ lii\fs so llial it ran Ik* 
(lislnlinltMl. Kxpansion can Ik* donr l>\ allomatf mixing oi 
coloniM'il and iinfoloni/(*d fraim*s lo^rllifr in llif 'inoliifr' 
liivf. Tliis is acliif\ftl In rfplm inj: allfniah* (raiiifs uilli 
uiifoloni/iil Iranx^* in ihf hivf. tlui>t\\o hiu-sran Ik* mumIi*. 
rh»* n*inaiiHt(‘i' o( llu* folonizfd Iranio Imiii tlu* inotlifr 
hi\(* an* also niixrd allrniali'K nilli mu-oloni/fd tran)4*s 
in llif iifu lii\f (sff Similar iiHlui fttM'iit ol c aiiK*nU*r 

liffs to linild iifsts in iiitr<Hlnrf<l now Iranifs can lif 
affompiislu'ilas dfs('HlK*d pn*\ iousK. Imt it must Ik* doiit* 
onl\ on fram<*s that an* llllrd nilli Ut* iifsls. Id afft*l<‘iaU* 
tK*(*u|Kition ol lion framrs in llif liisf. llif stealing ol n(*>l 
fiilraiiffscan U* |K'ifomi(*d. iLstli*sfnlK*»l aUnf. Hie liiwil 
l»et*s inusl lK*Mippli(^l with ualfr il tlu* ufallifr isihx.Tliis 
is iwd In thf bffs ti» softfn and fx<‘a\alf \mkkI v\lillf 
Imilding ihfir lunnfis. \\ hfii iiMning an ailill(*ial iifsl 
(ihf hivf) one must fiisim* that it is liont* at night. e*xaflly 
in thf way |M*i'(oi'nifd forhonfNlK*(*s. 


• }tana€fin€f lor 

Thf managfiiH*nl of farp«*nlfr hffs for passion Iruil 
|M)lliiiation (oiisidfi's iKitii lli<* |>assion finit plant and thf 
fai'iK'iitfi Ufs. Ml s«»mv<‘soi Ihh* Idmgi* must U* aNailahIf. 
Wft‘ds anil (K*sts imisl Ik* fonln»llfd. and iIh'iv should Ik* 
supplf m(*nls pnnidfd In fitfonragt* tin* growth ol 
fstahlishfd *<*olonifs*. 

(aimpflilion from most words is not a prohh*in tor 
|K)lliiiation using fai'|K‘nlfrlM‘r'> iKs aiisr thry an* not likr 
hoiifvhffs. which ollrii visit a wiilfi vaiifly ol llowfi> at 
any gi\<*n time. Plants that hliKun in the allfiiHM»n foiii{K*lf 
with tin* passion (1<mris. 

Pest iikiiuigi*mfiitorf<‘itiiiii iiiiti*". iuits. Hies. |ituusilif Ikx'IIcs 
(M floidar) and ollifi^ is dillifiilt lK*fausf rar|K*ntfr U*fs 
build tuniifls that an* not family ins|N*fl4*d. Little is known 
on llu* fxtful of damage*, ii any. fauscd by miti*s that an* 
abiindani in lM*<*fflls. Mam Xv/otyyk/ fairy mill's in s|K*rial 
|KK’kf|son till* ImkIv. so they aiv ai>|Mn*ntly U'lU'lifial to the 
liffs. Viits. small flii*s and was)>' have Ik*»*ii olisiMXfil loco- 
inliabilft«]K*nlfi lK*i* iu*sts. Uit llifiraftivilifs in thf l av ilies 
an* iMit known. I lowcvcr. it has Uvn ^^l^s4*^vl*^l that some ol 
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lliem are eiidnimrasites that multiply in the ^oiaig larvae. 
Dead lanai* aiv fniind in some cells, es|veeially duniif! the 
wet s<uson. lo c(Hitn>l |M*sts sn< li as ants tin* Ik's! aiva should 
l»e made inaccessihle by applying a sticky (*(»iiitx)uii<l or 
rej^'llent at the l>ast‘ of the hive stand. Since no ch<‘mical 
IM-stu idescan Ik* usctl. it isUs^t that th<‘ ni'st Ixixt's mv ki*(>t 
isolated fnMii eacli other, U) jneveiit rapid spivad of any t)ests. 

3) Oth^r animals for pofliiutlion. 

The diversity of cn>ps for tx)llination f(»llows the diversity 
of insects and other oiTianisins ass<H'iated with |K>liination. 
Some that have l)eeii actively bred or augmented h)r 
|X)l]ination in tin* lmj)ics are flies (mango), stingli‘ss lx^*s 
(nihl»er),caq>enl»M l>et‘s ||KLssion (mil) and midges (cck iki). 
Although the technology and apj)roa< hes are rather 
nidimeiitarv' aiifl not well estal)lislu*d. thtw an* ev<»l\ ing. 
llieir liitM' hits come as a re<x>gnized facet of diveisini ation 
in tn)j)ical agriculture. 1 l>elieve there are many more 
s|H*cies !»f ins<*els. «*sj)ccially the In'cllt^s. that will Ik* 
utilized forjxdlination services of economically im|M)r1ant 
fniil cn>t)s, l*ollination te< hnologv and |x)llination sen ices 
will figure prominently in sustainable development ol 
Inipical oit'hards. 

• Pollimtlion oj man^o hy tlw DiiUmm nmiplex 
Flies and l>ees are considered pnman |M)llinators of mango 
{Mangifera indica). hut wasps, l)uttei*flies, hee*tles. Iwils 
and ants visit flowers, and ifie plant is also self-|H>llinaling 
(Figure in Section 1.5.1). Mango (lowers seem to altmcl 
honeylx'o onlv wIkmi th(*n' is <il)undant availal)h* lUH'tar. 
Flies seem to l>e the main visit<Jrs of many cullivars, 
presumably when they have less nectar. Several mango 
plantations in Vhdaysia i>reed (lies to bring alxmt |x)llination. 
using fish refus<‘ as substraU^s. during the short flowering 
s<*iuson. Comixmtl U) honeylx’es, the technique of Imtxiing 
ilipterans is relatively easy aiul needs little maintenance. 
However, this practice (kx's have the drawl>ack that it 
cannot be done very close to human settleinents — 
many flies also are ve*etors of human diseases. I^rge 
pliuitatioiis would lx* the only situations where such stcx king 
with flies would lx* useful. 

A myriail of dipleran species (families (^alliphoridae. 
San f)phagidae cithers) bt>'<’<l quickly using the pml(Mn 
provide<l in fish refuse, or dead an<l dec aying orgiuiisms. 
Discarded plastic bottles can be used to contain the 
breeding sulistrates for flies, Allematively. plastic shof)ping 
bag> are perforated on all sides to allow the fish to 
dc*ciHn|x»s<*. Flies may lay tln*ireggs then*. In gt*nc*ml, half 
a kilo offish is placed ineacfi plastic (Mintainerci/leryirx/ 
having been phired in piles in the sun for a few 
days, to allow flies to lay eggs. 

The* { ilastic* Ixigs of dead fish with dit)tc‘ran eggs an* hung 
on lovv(*r branehc*s of mango trc*es in the plantation, at a 
density of one bag for alxnit 8 \o 10 tree's. Adult (lies 
generally emeqje in less than a w«'c*k during the* wannest 
time of the year. In less than two weeks the numlK*rofflie*s 


increases dramatically. 

Asage*ne*ml guideline*, 10-1 1 diiys<»fsulislraleintnxluctions 
in plastic bags can pnxluc*e siiffie-ient flies to jxillinate a 
surge of mango blooming within a ()lantution area. 
Lniike lK*e*s. the fli(*s do not n'luni to a fixed elomii'ilc*, 
and th(*y disperse* rapielly thnmghout the crop. It is 
ree-ommeiided that undei^iwth in the orc'hards should 
lx* c ut !x*fore the flies emerge, so that there will not lx* 
other fle»we*is that they visit Instead of numge»inflc»rescenc*es. 
Open understory cemditions also favor a decrease in 
luimidity and may lessen the spivad of scx>ty molel or fungi 
that aiv )x*sts of mango, 11ns pn)blc*m is prt*\ alent in arc*as 
where drip imgition is u.se*d. 

Fost>pollination practice's are as follows: The fly- 

i)n*(*ding (*ontainc‘rs m‘(*d to lx* n*movc‘<l after fx>liinatie>n 
lx*c*ause they may (ill with water and proviele breeding 
sites of mosepiitoes: remains of the* fish re*fuse c’an lx* 
(‘olle*«‘ted and tunu*d into com|H)sl; b) betwe*e*n two to 
three weeks after blcxmiing finishes, exc e*ss (iuil needs to 
lx* thinned to prevent branch bre*akage or the pnxluction 
of small fniil: e*xcess fmit may lx* take*n to indicate* gi^*ateT 
than optimum |K>llination and. as in ine>sl agricultural 
practices, adjustments will then be re(|uirecl lx*tween 
|K»llination and lex'al rvc|uirements fora markeUilde pnxluct. 
In southeast Asia, mango fniit are* individually wrdt)jx*d 
in |>a)x*rbags after thinning has Ixvndone. and fniitsare 
ri|H* in alxHit If K) days; c) applic-alion of fertilizer after 
fruit growth has begun is c'lilical to final fruit 
fonnation — fertilizers should be afifilled at h*asl i><) 
days lx*fore the end of the full ri|x*ning pmc’ess. 

• fmUmation of cacao by midges 

Of the* 78 known genera of Dijitera known as midges 
((x*rala|x^inidae) the* g»*nns ForrifHtmyia is the lx*s| kiH»wii 
of those visiting the fl(»wers of Thctdtmma cacao (see 1 . 1 . 1 . 
1.5.5). Thc?se sofl-b<xHt*d midgc*s brc*ecl in moist plant 
tissue's suc'h as Ixmana plant |ku1s and c immxi (mmI husks. 
Suhstrales or sliellers for the midges are prc*|xuvd fn>m 
Iwinaua plants that have lx*en cut up to pmv ide attractive 
dc*c'oni|x»sing fcxxl material for use* by the fly larvae*. This 
tc*4*hni(}ii(* strt*s.sc‘s the* use of *imclc*an* understory areas 
in and aivund eaeao plantations. However. Um tmic-h 
humidity under the ('anopy may increase the spread of 
fungal diseases like ‘vascnilar streak cliebaek*. Again, die 
hreedingofixillinalors must lx* adjusted to the cultivation 
prac tices recpiired for the plant. 

• prcf)aring an eni iwnmetU condiuveUt jtoHinaiion hy bats 
Fruit tmxluclion by the durian is acconiiili.sht*cl thmugli 
outc rossing by c’avc* Imis {Fonycteris sfxdca) whi<*h range* 
widely iuid visit the large*, rewaitling flowe‘rs for ne*ctar. 
The hraiicli cun support the bats that bang on the 
flowe'i's. and the* stigma touches the chc*st of the animal, 
thus acegiiring {X)il(*n. i'he following e ultnnil practices to 
c'lxiHirage IxU |x>llinati(xi are worth (*(KLsidering: oj {ikuUing 
distance .should not lH*t<x)clc»se, loolislmc l iheflight path 
of the IkUs: an iinhmken. .solid caiKifiy may also lx* diffiailt 
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for {\w hats to navigair in: pinning n( snnir hrancho t(» 
o|>eii gaps is recomnienripd: h) llu* planting of other hat- 
)K>llinal4‘(i f)laiils. such as Musa. Oroxylum. ami Ceilnt in 
the vu'inily o( <iunan plantations may incn^as^* visitation 
lo trees ol the (ilantalions or pnn iile suppl(‘iiK*ntar\ fettling 
for l)ats; v) nxisling places for the cave Iwls an* oixiinariiy 
piovidiil in th<‘ \>il(i anus, hut it may Ix' |M)S>il)le lo pnnidc 
smaller shelters, of altap. to pnnide nM)sting places lor 
ihe cave hats or oilier small Iwls. 

2Ji.2 mi Paim Pofliitalion 

The Oil Palm is native to |N'riiumid. Impical we^l Alrica. 
It is one of the most im|MHlanl sonives of legelahle oil in 
the world iuid is now grown in pliUilalioiLs in West Africa. 
Soutiuust \sia. and tropical Ameiica. Ilie oil is piiMlucril 
hy the fruits and s<^*fls. Desfiite its ini|N»i1ance. the means 
of |M)lliiiation have lieen eliicuLiled only as lerently as 
w Ik*!) tlx* imjxirtaiK'e of iiis<*cLs. ratlier than wiml. was proven. 

The main natural iM>Ilinatoi-s of oil |Kilm an* tliiee sfx-cies 
of weevils (Coleoptera: Curculionidael of the genus 
Elaeidohhis. The one llial has received llie most alt(*nlion 
is E. kamminivus. This wrxwil was inlnxIuciHl. alter ean*ful 
quarantine ami study ol its jxitraitial to hecomt* a jx^st of 
non-target plants, fmm its native habitat in West Africa 
into Malaysia in 108I. There it immerliately hecame 
estahlishnl and spread rapidly tlnoughoul the jilantatioris 
of th(‘ (‘ounti-y. n^sulting in millions of dollai's in pnTit to 
the industry . Pollinaiiou of oil palm was pivviously dom* 
hy jieople hhming [Milieu, mixed with tale or another 
{‘airier/diluent. onto the leceplive female flowers. 

To undm'stand how oil [lalm is [lollinaled hy lliest* Ueth's. 
it is ner essiiry lo examine the sexuality ol the ihiIiiis. Oil 
palms are hermaphroditic [ilanis. hut normally only 
nqiroducc through mah* or female function at any one 
lime. rh(‘ inlloit'sr enct's may Ik* either male or female. 
The mah' infhiri'seenee consists of niimemiis long, finger- 
like spikelels. eacli comprising thousands of [Milien- 
pitMluciiig florets. Hie bulky, female inflorescence consists 
of lumdi'cds of densely packed flor«‘ts. each of which is 
anegg-slui[M*dosai'y lippeil by a Infifl slignw 0.5cm a<*mss. 

The wee\ ils hn^e<l in male inflon’seeiuvs of the oil |wlni. 
W Idle the spikelels are shedding llieircopiously [mxluctxl 
|M)llen. feniah* weevils visit llM*m. It is lieie they liecome 
dusted with the [lollen and lay their eggs, 'fhe female 
W(H*vils. and the mal(\s which also visit the spikelels — 
pn^umahly in seaivh of males — move fmm palm to |K)lm. 
They ihusellix l onU nissing. During soim> such nHivemenIs 
lh«*y visit palms with female infloiest-enct's. TIm’ ivasons 
they visit the female infloresceiu'es is not fully uiidersUxKl. 
hut llie characteristic scent of the lieelles. shared hy the 
male injloresrencei^. is the main aUra(ianl. 

rhe spikelels remain on th«> male inflorest tmees. altachtMl 
to the palms an<l pm(eete<l in the axils of the fnauls. after 
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they liave ex|)ended their |K>llen. However, their role in 
[tollinaiion has tx>t yet finished Ux’aiw' tlx* next griieration 
of weevil griihs gmws and develo[)s witldn them. 

From the viewqminl of pollination nianagement. the 
[)o[nilation of weevils is clearly im|w>i1ant. However, llie 
tlensily of male inflon*scences ndative lo the diaisily of 
female innon*scences is also im|)ortant, as is the jaoUihility 
that a given weevil will transfer |M»lleii. One must also 
ket*p in niinil llial the male infloiescences do not (*onlrihute 
dihx'tly looil yield in a plantation and dotMTupy the [ilaee 
of female inflomseetiees on palms in male [ihase. llius 
they can lie cotisiileretl to remove [uilms in male plnise 
fmm oil pnxluctivity foralioul a year. 

Thus, the aim of plantation managenu'iit to ma\ind/.e fndl 
and oil y iehl must optimize the ratio of expression of male 
and female inflorescences to allow lorcomjilele [lollination 
of female infloix's<‘ences. lliat. in liim. re(juir»*s that llie 
|K»piilation of wetwils not drop In'Iovv the thivshold for 
com[)le|e |H>llination. Of <*ourse. alisolutelv etMiiplele 
[Killiiialion should not l>e exjxx’led (Section 2.2). 

Kevan and errworkers pm|M»s4Hl ‘’Pollinator Fon*e“ (see 
Figure) as a prat'lk al measure for monitoring pollinators 
for oil palm. To calculate the |K»llinalorf(m e. the following 
iiilonnalion is ref|uired: 

1 ) Titv dt^HsUy ol itiHon»5M'(*fu*ex 
or spikeiets 

2) The number ol ireeHls emerging 
from those spikeiets 

2) The proportion of teeeribt not 

iiiafo ifilloroffrc^firoiv whieh 
are shedding poiien 

i) The proportion of ieeeriis not rioting 
a receplliv l<»tnal<* infioreseem'e^ 
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Tile values fur T) ami 4) are unknown, ami would 
re(|uire grea! efl'ort in research to estimate. One may 
assume that these values would lie low if 1) were high. 
However, if I) is loo high, at the expense of palms* 
pmiluclion offemale infloivscences. then cmpyield would 
sillier. L nforlunalely. the optimum ratio of palms in 
mul(‘ t)has(‘ to palms in femalt' phasi^ is not known and 
the im^chanisms within the palms which cause the 
pUMluction of infloivscences of one sex or the other are 
incompletely uiidersIcMMl. 

TIm* prei eding Kigun* pivsenis the conci'pt of “Pollinator 
Fon e'* lor oil |xilms and [Miinls up its practical iiii|M)rtaiice. 
Ill Malaysia, a decade after the introduction of E. 
kamenitiiais, then^ is no indication that lh(‘ Pollinator 
Force has drotipeil below critical le\el for economic 
hanesting. Some minor [lesls of the weevils have Im^ii 
it^-ordi'd. e.g. rats fiei'ding at the grub-rich spikelels and 
some low incidence of diseases. !\evertheless, wee\il 
|M>|Hilalions continue to lie monitored in various plantations 
in onler to keep a ‘weather-eye* on |M>tential |M)llination. 

As oil (Klims continue to lie im(»n)ved through modem 
breeding and genetic techiii(|iies. the conce|)t of (x)llinator 
foiT*e may Ixvome \ ital. It may U‘ that with the di‘u*lo()nH‘nl 
of lines of (xm'nnially Icmak^ (oil (inMlucingt (Kilms which 
randy enter the male (ihase. (ilantations will have to include 
|)ollini/.er (male) (Kilnis. 

2JiJi Stingif^Hs C'ofoiiiex 
tor PoUhtaiion 


The iilea ol maintaining colonies ol stingless bees — 




?‘lill^l<•^s Uv, ScaitOHrifiona. MintHiti(k*»l 
Iw woi-kfis (HI ImxMl comh 


(Meli|Mininae) for (Killination ohUIimiis is relatively new. 
For greenhouse (Killiiiation some have Ix'en ImMight to the 
temperate zone and ovcnvinleretl successful!) in JafKin. 
These were small l olonies of PU’heia fnmi sui)tro|)ical 
southeni Brazil, and there are others that do well in c(X)l, 
subtropical climates (some Mexican M(*lipona and 
Faiwanese /e/w-fArfn^'o/w). IhiI these lue ex<e|)tional. Tliere 
are lielween four and five hundred different sf)ecie‘s of 
stingless liees. Meliponines inhabit viilually all of the 
tmpics and subtmph s exi ept some islands (see Section 
1.4). Most of their s|)ecies live in the wetter lowland forests. 
At least 3(K) s(>ecies (over 20 genera) and (perhaps another 
•SOgei^aphic races aiv conlined to the i\«*olr[)pi<‘s. AImkiI 
twiidoam s(x‘cies live in Australia, New (iuinea, anil the 
Philip(Mnes (areas east of \XalhK*e*s line), alxiul 4f) in Africa 
and as many as 50 are native to continental Asia and 
Mah^ia (Malaysia and Indonesia). 

I ) PoiHitaiion poletilial oi nthufiess 

There are many kinds of stinglcss Ih*cs that would lie 
im|>ractical to manage as (Killinalors. Some reasons for 
this are the following: 

• extremely small eolony size (less tlutn a few 
Ittuuln^l bees)^ cottitletl with extremely stnall foroficer 
size (2 to 3 mm in lenfgth) 

• extremely defensive colony behavionr —a large 
colony of some Trigona, Partamomi, or fire bees^ 
Oxytrigona, can constitute a hazard; these species 
attacks biting ndentlessly\ and Jire bees cause skin 
irritation with an acid stwretum 

• restrictive nestiiig habit or halntat — many sfwcies 
nest only in the ground, in termite nests, or in ant 
nests, or they only surviie m ntin forests: an attenifU 
to tmnsfer colonies to hives, agricidturtd ttreas. or 
cities will only kill them, tdbeit slowly 

• destructive use of flmvers. S4ip and resin sources 
— a few dozen \eotropicrd species and at least a 
few in southeast Asia make lades in flowers and 
damage fruit, buds and bnmehes. tchich makes them 
pests in orchartls 

Bearing these facts in mind, then* an* other stingless liees 
that have the right characteristics to be managed — 
iva.sonably large colonies (a few l(K)s to several 1.0(K)s 
of workers), docile tem()erameiils. adequate (light 
ranges, and ada()tabilily to artificial domiciles (hivi's). 
More im(X)rtant. they art* able to maintain their original 
nests in logs eut fitmi tives. 

It is worth mentioning that some of the small sfiecies 
with restricted fliglit ranges (uIkhU 5(X) meters fmm the 
nest) could well sene the needs of pniilucing In brid seeil, 
or lx* rt*liai)le |K)llinalors forcm|ts |)lajili*d in small (Kiti hes. 
.Sane may also lx* maintaineil ex(ierimentally indoors, or 
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in jjretMiliousfs. Ml slingless l»eM‘s rxi rpl ihosi* llial 
tv|M*ult*ill\ n<mers {Trifiona s. str)nraivol>lifral<*h 

|KUU'^ilt*s of (»llier slinjtless l>t^s {IrsfritneliUa, a iie<iln»j>i( al 
^4‘iius of seven speeies. and Cleplotrifiima, an African 
genus of one s|x*cicsK conlrilnUe on a daily liasis [o the 
|N>llinalion of Howeis. 

A few species of slingless l>ees are liiglily adapted to 
disliirl>c(l habitats such us cities, or areas with little 
forest- They an* *wcc<ly* in the st'iise that they propagate 
rapidly uheii able (o fiiMl nesting sites — often pn»\ idt*<l 
hy holes in eerneni block, stone huildings or walls, 
stniclural liinl>ers with hollow sections, or in hanihoo 
internodes, rhese arc the Neotr<)pical Trigona 
{Telrafionisrn) anf{uslui<t (formerly called Trifiono *yV/M *) 
— this hee also is a parasite of other slingicss hec 
colonics mav usur]) iheir nests: and the souilicast Asian 
Trifiona {fieterolrifitma) hinti. Trifitma {Ht'lenflrif'tttui) 
Juscohaitvafa. T. {Hclerotrifiona) iridipennis. T. 
{HelPn>lrif(ona) fp’issleri. T. Ulptcrotrigorui) llama, and 
T. (//.) minangkalNiu. ()lh(‘rg(*ncra that inhabit marginal 
secofular) growth hahitals or disliirl>ed areas (as well 
as forvsts). utilize artificial domiciles, and <lo not piescnt 
the drawha(’ks ilescrihed alM»ve are: Melipona (a 
\eoln>pical genus of about 43 s|M*cies). \ann4tlrifinna 
(Neotropical, 1.3 species). Trifrona (subgenus 
hrieseomelilta ) — \cotr«)pical. 20 species. 
(subgemis Tplra^(tna) — Neolropic-al. 10 species. 
Scaptotrigona (Neotropical. 40 species) and 
(^ephalatrifuma (Neotit)pical. 4 species). 

A few Ncotn»i»ical g<*nera. siu h as Cpphah>lrif:ima and 
\felifnma. have l)cen “domesticated" (actuall\. maintained 
in ser tions of tree trunks, close to their natural forest 
habitat) for hundreils of years by avid l>et*kee(M*rs like 
the Maya of soulhem Mexico ami (^enlml America. Thc\ 
produce abumianl h(mey (a few kilograms), whic h is 
normalK haixe*sled once a year. A significant aihaiwe in 
management liasU*en made with these l»ees: their c‘o|onies 
are f)n)[)agaled ailificialK (see following). 

2) \aiurai of hoes. 

The most signifu ant enemies (»l slingless bees nn'auts. 
plutrid and other jlies. lermiies aii< I iMirasitiv stintless Imts 
{h‘sirim(diUa and Cfeptolri^ona). S|)ecific managemeiM 
pnd)lems caused by each, and their suggested 
n*n«*die*s. arc* given lu‘rc*. 11ie larger animals, w Inch attack 
(*olonies(»l h(aic\bc*c‘s as wc*ll (tamandiia.s layra.s. homw 
badg(*rs anil the* weasc*! famil) in gc*neral. bc'ai's. and 
civets), do not often attack natural nests of mc*li|Mmim*s 
in the forc*sl. The same can l)e said of loads. li/anls and 
birds. However. an> hive is muc*h more vulnerable and 
should be protected. In Africa, primates such as 
chimpanz«*c*s attempt to obtain IcmkI from stingless 1 m*<* 
nests by insciling flexible sticks in nest enimnees. riicTc* 
is little that tiu* 1h*c*s c-an do to defend 11*0111 llicnr attac ks. 
Many African s[>ecies of slingless bees avoid sucli 
harassment b\ nesting dc*ep undergmond. 


• tn/.v atlavk jmpumtly at night and attc*mpt to overcome 
the deicnses of giiani Im*cs at the* ne*st entrance*, or finel 
unpmlee led o)>e'nings ihnnigli whie h thev can e*ntt*r. AAatcr 
in a container will keep ants fnmi crawling up a hive stand. 
Sus|)etuling the hive bv wire or ro|)e fmin a nnif can also 
pievenl ants fremi gaining airess to the U*e nest. 

• f^lutrid. straliomyid and sinne syrjthid flies haves|«*cies 
that at)(»arenlly do little moie than seek damaged stingless 
Im*c iii'sls. which flie*s lav lhe*ire*ggs in. In the* NcHilmpics. 
the* phoiids mcHint a phi*mmone-giiide*(l attae*k and de*)K)sil 
eggs thnuighout the nest, always laving in areas tiKc small 
to Ive reachf*d bv the Ik*cs. \A ithin a few houiseirovemighl. 
a ne*sl having e/m e>|M*nings. in(*luding the entrance, will 
Ik* ihomughly |>arasili/e*d. and the ily lanae* will kill the* 
colons in a fe*w days. The* flie*s find the* ne*s|s bv smell, 
[lailie ularly the* ae-e*tie* ae id of fe*iincnting |Kille*n and the 
smell of lume*v. Plugging all the holes uilh co/Zo/i. and 
keeping all edges sealed nith lafH\ will lemjMirarilv hel[) 
to ke*e*p flie*s out. I he* Ik*sI defenses are intact ne*sts anel 
ne‘st conle*nts (which the* lK*e*s re*pair in a fe*w davs afle*ra 
major disturbanc e*, suc h as moving the nest). The olhe*r 
imiKirtant defense is a restricted nest entrance. <nie of the 
pnnK*r size for the U*e*> in a natural nest. A gaping hole 
fora ne*st (*nlran(*e* is an invitation for disaste*r. 

• Termites conslantiv attack the* wood of hive*s anel 
logs. The Ivees can defend themselves by applying resin 
to the inside of the cavity, which will sometimes imlel 
the* hive* toge*ther eve*ii if the wood is consiime*d by 
te*miitcs. Te*nnite*s also e*nle*rthe* ne*st entrance* of slingicss 
lK‘e*s. building their galleries thmugh the Im-cs* onlv exit. 
This mav kill tlie colonv. but it is like*lv that some le*nnites 
also attac k bees and their food stores, (dieinical 
de*le*iTence of tennile*s is inadvisable. Such ins<*cticides 
arc i*xlre*me*ly toxic* anel. e*ven if applie*d outside the* hive 
and onlv to one »*xtre*nie. sue*h as the base*, the Ikh* e-olonv 
w ill usuallv succ umb to the |M>ison. The same im*thods 
used to [irevenl ants fmm reaching the nest will work 
for protection fn>m termites. 

• The parasitic slingless hees t 'rohlnr ht*es’ } are ordinarilv 
the only l»ees that can overcome slingless l>ee defenses 
anel enter their nests. AllhcHigii their attacks do not usually 
lesult in death of the host colony, it is elebililate*d and will 
be attacked again. Uecause the robbers. Ij’strimelitta 
anel Cleptotri-gona. an* small Ik*c*s. Ie*ss than 7 mm lemg. 
constriction of the* host m*st entrance* to ke*e*p them eiut 
wemld Ik* imprac(i<*al. To pmtecl s(ing)e*ss U*e* nests fmm 
the robbing |xirasites. (he only [lennanent solution is the 
l(K*ation and ileslme tion of the n)bU*r colonv. 

3) Hiving stingU^sK 

The* stingless l)e*cs suitable for 'melifkmicultnn^' iKMinally 
build thc'ir ne*sls in hollows found in living tn*e*s. or those 
in dead trees of exiremelv hard wckmI. A few species, 
apparently only Trigona. can variejusly nest in the* gnnind. 
in tree hollows, or in artificial domiciles like buildings or 
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enlraiu-e area 
(see below) 


entrance 




block covering 
hive entrance 
tunnel 


side 



honey storage pots 


brood 


area 


pollen storage pots 


wood block covering 
vertical entrance tunnel 


Basiv stinfiless /m'<* hit'e design, 
shtniing position of tu‘sl elements 

Tlif liiu* Halls are maile of siikmiiIi lianlwcxMl al 
least 2.5 ein thick. Dimensions var)' with the size 
ol the hee nest and Irees. Hive dimensions of 
20x lOx 10 cm an* iisualK adequate. If honey 
*su|)ei's' aiv atldfsl. lhe\ should lie no less than 
.5 cm hi“h and firmly fastened to the brood 
chamher nith lusiks or other lianlnare. 

!%est €mtranee tunnel design 
A eoeer plate 

(Vertical piKi\e rooted toalHinl half the hive wall 
thickness, than ilrilled thniiifth at the Ixittom). 
Idle entrance hole at the top of the bliK'k or plate 
cmeriiif: the tunnel should lie laiyie enough for 
two or three bees. 

The liees will reduce the entrance size and mcMiify 
the nest tunnel with lesin. 

I’lmisionally. an entrance tunnel of 2 cm width 
pc-nuits the lices to adec|uately defend the nest, 
while moclifyng the hive to suit their needs. 


tunnel through 
hive wall 


view 


rcHilaineis. Most slin^ess Iwminer. Iiave u Miiprisiiiply 
liniited raiifie of Miilahle nesting siles — allluuigh ihoir 
(iiiiietisions ran var\ siiljslarihally. I'lie shunless hees 
nesting in live hollows generally use (wiindneal cavilii^s. 
Because of this, ifie nests may he extensive and range 
from alKiiit 3 to 30 cm in diameter. Many of the s|>ecies 


can ( lost* off s|>ac(‘s that an^ t(M> lai^e. Miniimim space is 
the mon* im}M>rtant (‘onsideration and def>emis ii^Mm the 
l)ee six^m^s. AdiMjiiale sf>ac<‘ for a nest is generally 1 to 
10 liters. Trees are felled to ohiain nests of slingless 
hees. either by axe or chain saw. The nest entrance is 
sealeil Ixdoiv or immetlialcK after the live is cut. \ tree 


I.i2 


Copyrighted material 


t(M» lui'^e in ^irth lo )H‘nnil traiis|MMl of iIh* with 

ihe l)tv nest ran Ih* in siw uilli ihr smm* IimiU. 

liming at leas! 5 cm ol \uhmI anuiiul the nesting cavity. 
(Closing a |mi1 of the nesting (*a\ ii\ e\]H)Ne(l hy (*racks in 
the wood, or hy cutting in the wrong place, can he 
aci'oinplislunl ((ui< kly with leaves or vegiiation. cloth. 
nevvspai»er. plastic sheet slapleil in place.iHwith nuiil. \ 
stnmger ami more |>eiinanent closure must l>e pnnideci 
if the* hees an* U* lx* ke*[)t in the log hive. 

During the felling of trees ami lrans|MHlation of the tiesl. 
all of the younger hrood and eggs will he lost. This 
results fnmi stnmg shm ks and vihration. The 1m*cs will 
o{)en some ImKxl cells, then leusi* their contents and the 
cell wall material. Moiv extensive danuigi*. siicli as spillage 
of honev or l<M>s(*ning of honev and |K»lleti storage pot 
masses which w ill cmsh IjumkI. will result in moie serious 
damage lo the colony. Alter a live is (ellml. it is desirable 
to place the log hive upriglil in its foniier |M)silion. as close 
lo the original m*st Im ation as possible. In this wav. 
matiy of the ‘Held l>ees* and n*tuming foragers will Imate 
ami enter their nest. Mso for this reason, the original 
nest entrance UiIk* or sliaictuie should Ik* maintained as 
intact as |)ossihle. Ilowt'ver. wlu'i) the phorid flit*s stall to 
arrive, it is U*st lo s<*al all nest «‘ntraiices. 

The hees are muc h In'ller off left in thc‘ir tree tninks. 
Lnless taking honey stores, or ailificial feeding williin 
the hive and colony pro[uigalion are essential, there is no 
rc'ason lo n*movc* the often delicate and complicati'd Ik*c 
nests fnnn the Irtv c avities and plac e them in hives. It is 
not a rational pnictic e and often will ivsull in loss of Imh* 
colonies. The most successful slingless lx*e inanagenic'iit 
in the world has ivlied on using hollow live tmnks. 'lo 
c'omplcMe this c hoice of hive stmclim*. the two exlremt*s 
of the* nest sIkhiIcI U*sc*alc*d with a mck-hanl. thick nialc‘rial 
that Ills as exactly as |>ossihle the inm*r contour of the* 
hive. The Maya accom|»lish this with pieces of 
linu*slone nx-k. chiseled lo lonn a light-lilting plug in 
each end of the hive. 1‘he hives c an 1 m* sus|M*ndc*d. or 
stackcxl hori/ontallv. or sIocmI on one* c*nd. 

\\<Hn/en hiivs should lie constnicU*d of siucmiiIi lianlwcKKl 
at least 2.3 cm (one inch) thic k. It may lie painlc*d on the 
outside*, preferably with a latex or a water-base paint, 
rhe hive should ncci he paintc'd inside. After seeing 
many difit*ient hive dt*signs (or clineivni pur|)nsc*s. I am 
(‘onvinc(*d that most slinglc*ss Ik*c*s aclafil lo the container 
lhc*y arc* givc*n. pn)viclc*d it is not far Icki large* or wc*l. 
'fhev may. hovvevc*r. abscond (l(*aving thc*ir inat<*d (jin*en 
liehind) if their container is givalK inferior to the natural 
nc*sting site. I liv es of meial (Wis. hi>llotv fiounls. oi x/vto/ck/w 
ax)Icrs also work well. Hiese materials have the* advantage 
that, while* s4*ldom as strong as the* wcMMlen hive. lhe*v arc* 
not attacked hy tc*nnilc*s or muc h damagc'd hy water. 
Hive dimensions may lx* vc*rtically c*longalc* (sc*e Kiguiv). 
in whic*h c*ase they c an lx* of a single* or two to three* 
comjHirtmenls. Hie up{H*r compailmcnt (a honc*\ ‘siijx’i*. 


like* that Used (or the tlm*c‘ s|x*c‘ic*s ol hivc*- l/;w) is fcir the* 
stort'd hemev and polle*n. or tor ailillcial fc*cding. The* 
next lowe*r com|KUlinent is for the hnxMl. and. if another 
com|iai1nu‘nl is atlache*d. it is (or colony rc'fiisc* and. for 
some s|K*cie*s. a drainage or ventilation area. Hives mav 
also lx* hori/onlaliv elongate*, in which case* thc*ix* is little 
tu*e*d lo make mc»rc> than one* section of the* hive. It is 
advisable*, liowever. to make iiioiv than «nie hive cover 
sc*ction — so that only one c*xlrt*nie of the nc*sl is (e|H*ne*d 
at a lime*. Ic*aving the* n*sl intact. Honc*v c an lx* ivmovi*d. 
hees feel, or colonv div isions made eithe*r hv remov ing 
the lop cove*r or, lor the long log live*s. by re*inoving one 
end cover. Shim* s[x*cies do ie(|uire* additional hole's in a 
lowe*r and/or up|x*r comer of the* hive*. c*itlie*r so thc*v c an 
dis|N)sc‘o( waste* watc*rorlo le*t moisliireanci carl nh) dieexide* 
i*sca|M*. *nii*st‘ modifications can he proviiled hv the* 
lx*e*ke*e*|x*r. hut should lx* maele afte*r the nc*st and ceilonv 
are well estahlishe*d. Anv new openings that an* made 
should first he sc*aled with a (ine mesh mc*tal scrc*c*n or 
suhslanlial cotton, to prc*vc*nt the* c*nlrv of parasites. 

i) sthttgU^ss colotiicjif. 

In oilier to repnxluce. slinglt*ss bee colonies first find a 
m*w nc*sling site* and make* pail of a ni*w ii<*st — complc*lc* 
with sloivd honev and |iollc*n. After sc*vc*ral davs to sc*vc*ral 
mcHiths. the* nc*w nc*sl is cN'ciipied hv adult hc*cs InHii the* 
mother n<*sl. including a n<*w (|ui*en. This c'veiil dcx*s not 
lake place on a regular luisis. It is not seasonal or yearlv. 
because without the new nt*sling site. thc*n* is no colonv 
n'pnxluction. Ailificial division of colonic's is essc*nlial 
lo incn*ase the numleisof Ixes available for management. 

(jtfinn flirisions should lx* made* with gival c an*, following 
a n*lativelv simple pnxedun*: 

• Dinsions sJumUf Im* mtute nVieii ihv H vuthvr nsul 
hev fonifit* <in* optunai 

• (Mrpfuitx rr*»im*e half of tht> bnunt comh.s (t>oth 
niatiin* pufMie anrl younfi brtNHl). abrnf: iritti mkrk'ont 
on tiw amths^ wul s4Htw oftlw .<<lonfv/ ihMvii atuf /io#n*y. 
Piarv them in a neir hivv box. Make sitre that tbv 
ktyinfi queen Lh not nr'moiyv/. Place the nutlher aiul 
daufshter next to t*acb other, ailoivinfi fontfdnfi 
bees to enter each /i/iy*. 

• 77m/ nifsht, place the netr /iiiY» inV/i its half nest ui 
the position formerly iM'ctqmHl by the mother etdony. 
\lon> the hire of the mother adony, trith its queen, /o 
a netr ItH'ation. at least 21H) meters but m»t more 
than a kihnueter au'ay. Si>al each nest irith cotton or 
S4wte other umterial that tall ttlhttr air but mtt /mm.sf/«*s 
fo futss thmufdt. 

• Tlte next day and then*after, let the bees foatfse 
Jheely. /To no/ of urn the hhxv unh^ss alks4ilntely lu^'essttry, 
StHtw of the fitntfiers front the mother coltmy tall retunt 
to their former site, tlwreby strenfithenhtfi the netr 
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e€fl4my\ Many\ hou'ever^ ivilt remain in the nest at its 
nett fHtsitum, .4 reiative adixintafie of the mother roirmy 
is the mtart nest and likely mon* young hees. The 
relative adtxmtttge to the netv ndtmy is the pn^senve 
ofnumy of the older lues, tvltich icill forage and nxnk 
to thfend and ctmifdete the netv nest. 

\\ itliiii a few days cjf this operation, the new nest, w hich 
larked a laying: queen, should have male (dnme) hees 
flying and landing near the nest entratu e. They (|ui(*kly 
find sites with virgin (jue<*ns. If no mah^ are present, 
the area may not have enough ronsperifie r(»lonies, or 
there is no virgin queen i)resent. In one l<» lvv«) weeks. 
de|)ending <in the st>erles, a mated queen should l)e 
laying eggs in both the new and the old hive. Both 
colonit's should In* a<‘tively foraging and colle<‘ting |vollen. 
unh»ss they lark (jueens. 

As of this writing, the piXK*ess<‘s by whirh a slingless l>ee 
quetm siirressfully males are still not understiMMl. Only 
one dn)ne mail's with h<‘r. and the (juren dot's not mate 
n«)re than once iluring her lifetime — usually one to two 
years. What has l>een clearly establishetl Is that queens 
very seldom male with brothers or closely-related 
dn)n<*s. lb do so it (li'trinu'iital to the welfare of the colony. 
Surressful mating ordinarily ri'ipiires that at least 
several colonies of the siime s|»ecies l»e within several 1(K) 
meteis of the nest having a vligin c|ueen. Several to many 
virgin (|iimis may leave the nest and not return, either 
U'ing caught by somi* (*nemy or prevt‘iitt*d Inan iiH*ntering 
by worker l>ees in the hive. Finally, one (juitii malt's and 
then returns to the nest to lay eggs. 

A few slingless l)ees will repHnluce to ulili/e .suitable nest 
sites that an* close to their hives. Tliis is es)>erially true 
in on-hards or habitats hav ing many flowers and av ailable 
n*s4mn*es for the Im*cs — where the foivst bee sjK*< ies 
an* uiwble to fomge. 11ms. colony numl)ercan iM'imnusetl 
sliglitly thmugli natural iKcujKmry of domiciles left in the 
vicinity of meli|ionarii*s. 

2JuS A LiUizailon of 

Ttvo UotH^yb^^s itt fli«> Trapwx 

i ) ftifrodiirlioti* 

Biology and Imhaviour of honeybees have l>een very 
extensively investlgateil and are now l>ecoming relatively 
well knovMi. Iliis has enabled man eflec'tively exj)loit 
llieir worth in agricultun*. llie value of honey! >ee [xillinalkm 
in agriculture is much greater than the value of other 
hive t>roducls. There are large riumlmr ol cn»ps v>here 
cn)ss-fK)llination is es.sential. Without [mllinators either 
then* is no sei*d st*l (e.g. in several cmcifennis and some 
leguminous cn)ps| or set*tl yield is <*\ceplionally low |e.g. 
in several ( n>ss-|M)llinal<‘d <*n>|)s). Vlon*over. mpid cliangt's 
in pollinators* environments, due to over-()loughing. 
excessive irrigation, deforestation ami imliscrirninate 
use of toxic agrochemicals is leading to tin* complete 


destruction of the habitats of wild pollinators has 
n‘sult(*d in their large-s< ale demise. Iliis has made cniss- 
pollination of crops by wild pollinators completely 
unrealistic and unreliable. Thesituali<m is more alanning 
in the tmpics where there are enormous numbers of 
agricultural |)esl.s and then* is no legislation ol |K*slicidal 
usage. L nder such (*on<iitions. honeyliees an* among the 
only n*liabh* |iollinat(»is whos<* {Mipulation densities at the 
target cmps can l>e manipulated relatively easily and 
elTectively. In the tn»pics. where the hnal and regional 
economy is in)t well settled, it is not feasible either to 
maintain programs f<»r attempting t(» breed s|>e<*iali/e<l 
|H)llinators. or to attempt to matuige the <*n>p em inmment. 
However, management of honeybee cohmies ami their 
enitiloyment in cn»p areas should easily l>e taken uf) by 
the seed grmvers in the tnipics. as elsevvheit*. Iliis s<*clion 
|m*s(‘ntsan account ofmanagi-mt'nt and ulili/ali<m pmctic<*s 
of two himey liee s|>ecies. Apis mollifera ligu.stica ami Apis 
reranu indica» for |x>llination of cnijis. S|>ecific nee<ls for 
('ro|i |K)llination in the humid s4Hilhea.st Asian tnijm-s have 
already lK*en mentiom*d in S*ction 2.5.1. 

Two spei'ies and several geographic mcesol honevbees 
(from among at least T stiecies and over 30 races) are 
(’urrently managed on a large scale in the tropi(*s: Apis 
nwlfifera and 1. verana. All but Himalayan honeybees. 
\pis iahoriosa, are tropical bees, secondarily adapted 
to temperate environments and habitats. A. mcUifera 
ligu.stica and . 1 . mellifera svuteUata have been 
introduced almost in the whole of the world (.'sections 
1.3-1. .5). whereas t. rertinn indiva is indigenous to 
trofucal (and paiis of temjierate) Asia. On the basis of 
the following lactors, these two honeyliee species can 
elTei tively Iw* utilized for pollination of crops. These 
are: a } these spe< ies are kept in the hives and do not 
reejuire excessive nianagement: h) their abundance 
on the crop can he manipulated: €*) due to their 
temh*ney to be generalized foragers, honeybees visit 
large number of llowering plant s|>ecies. — they can 
then*fort* |M)llinate a wide variety ofcit)|is: d) individual 
foragers display high floral fidelity or constam y — 
when a forager begins foraging on a plant s|M*cies. it 
continues to do so until the resoim e is exhausted: e) 
behaviour of honeyl>ees (and other liees) can also be 
manipulated by modifying the reward system of the 
plant (.see Section 2.3.1). 

2 ) l«VtM*raf 

In order to use honey bees as pollinators of crops, 
manageiiu-nt practi<‘i*s should iM'Idlloweilal thte<* diflTeivnt 
levels. Tliese are: 

• Mwutf^nnvnt (f an agnH’ni mtnrnent suitalde /o lumedtetKs 
— crops might U* bivd to 1»* atlractiu* to honey l»ees. For 
example, cri»p bn*«‘d<'rsdo have theal>ilily tochangi* floral 
fragranc**. mi tar i-haracleristics, |K»llen abundance, and 
iiis4) the cultural praHices nee<led lor inciea.se<l fruit or 
s<*ed piVKhiction (see also Sections 2.1. 2.3). 
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• HrudenI exfH'rimental use of sprays, itee attractants and 
reindlenls — S»me sprays and a(tra<iants an* usfxl lo lun* 
ihe liees or lo inrivast* the uUrarliveiiess of larjiel ci-oiks 
4 III ring flowering. Foragers are first Iraineii lo visit the cnip 
hy ex|K>sing the recruits lo the llowepi soaked in certain 
attraclaiils. lik<* sih'iiIihI sugar symp: tlic scent of C4)urs<*. 
should U* fmm the target cn>p. (^HM»h\drale sprays on 
the crofis do sometimes ini rease the l»«*e lisits, luji 
iinfoilunately do not necessarily increase |Millinali4>ii. 
I Jk(*wis<*. |>o]l(*n anil (*ei1ain phytost4*n>ls attract foraging 
lione\lM‘(*s. \a*^noN gland siM-n'lion ionijHinenls. citral 
ami geraniol in a sucn^se solution, sprayed on < ro|>s wen* 
found lo iiia'ik the iie[)ellent (mIoi- (pur|x)rt4*dly applietl hy 
l)ees to Ihmem in onlertoaioid n*-\ isitation ofiiniwvanling 
(Imvi'is). and may attract l)C4*s t4> (*n)ps. It is douhtiiil that 
they geiuTally impmvi* yiehl. Ani'thoh* (l-m4*tlm\y-h I- 
propenyl) hen/ene) also altrai is honey liees. Its utility 
has yet to lie demonstraleil. 

(^•iluin Impellent <'lu*micals an* useil lo niliici* the Imi* 
poisoning from insecticides and also to redui'e the 
attracliu'iu'ss of some coni|H*ling imps, (hiiilelines lor 
|H>sli4*ide compatihility with Ix'ekeeping and manag4*4l 
IKillination an* given in Ap|N*mli\ III. 

• Removal of floral compelilors — The best way of 
aNoiiling iu^ili\e im|Kict fn>m lloral com|)elilois is ihnHigh 
their elimination. For example, for the effective jNillinalion 

Hrassira. adjacent i hu k fK*a is i-emoveil. Forefleclive 
|K>llinution of alfalfa, ailjacent mustanl cm|)s are cut. In 
tin* s4*(‘ond cast*. |X)lh‘n foraging on alfalfa by 1m‘cs. anil 
seed set, an* incivasi*(L 

3) vtfivwni ptdluHtiors 

citicf sfHU^aiists* 

Seleiiion and breeding of lioney l>ees thn>ugh artificial 
insemination is (xissihle in I. melUfera and in \. cerana. 
To (late, this tivhnologN has failed to pnMiuce the desiri*<l 
sj>ecialisl {Millinalors (Fire, and now agmnomisis 

l(X)k more seriously at allenialive (lollinator s(x*cies. The 
inlnxluction of Afiican Apis melUfera seutellala has cn*ali*d 
many significant i‘hangi*s in the \i*olmpic> (Si'lion I..\3K 
For lx‘t*keeping. their main advantage is in the pn*vention 
of hive theft, anil their wide abundance and availability. 
They aiv. fiowever. difficult lo manage lx*< ause of often 
uiifiivdictable lx*haviouraixl fn*i{ueril altscondingiSeiiion 
2.1). Their use in apiculture, however, is widespread, 
and ix*i*ki‘i‘|N*rs (*an deal with them. 

W hen bees of desired pollination and other 
characteristics are selected, these should include; a) 
traits promoting stning colonies Itinforlunalely. this is 
incom|Kilible with lx*es that aiv unaggressive. s|H*cialis|s 
on a given plant species and slow to repnxiuce); h) 
colonies having high irsistance to diseases or |x*sticide 
poisoning: «•> colonit*s that intensively colh*<*l {xillen 
(hence repiiHluce rapidly): ft) bees with flight range 
and longue length matchi*d lo target ci'op.s. e.g. bees 


with shoi1 ilight range and long tongue length are more 
useful in the pollination of red clover; o) specialist 
strains of l>ees have been bred for alfalfa, and it may 
still be possible lo arrive at strains that are both 
viable and vigorous for other crops (altliough the 
inbreeding needed lo produce specialists generally 
ivduces fitness and v igor. see Section 1. 2). and f) lx*es 
that fit into an agricultural selling, by not slinging 
v iciously after disturbances. 

4) .?fCfllCIC/€MIM»llf Oi flOIMM/fN*<* VOloUH^S* 

The e(|uatorial tropics witness higli humidity and high 
leni|x*rdtuiv. while the subtmpics and si*mi-arid Inipics 
present low humidity, high tem|x*ralures during summer 
and lower (em)x‘iatim*s duiingwinlcr. (HMieral mani)genx*nt 
practices for honeylx*es in the Impics 111011*101^^7. fmm 
pliK-e to pliK i* and mainly lelale lo the ies|M*(’tiveciHidilion.s. 
In the tmpics. c|ueens engage in brisk egg-laying acliv ily 
after mating and lx*i iHiie e\hausli*il w ithin a year. Ilieii-foiv 
the i|uii*n is n*placi*fi every year. Otliei coixlitioiis iv<|uiivtl 
in llie colonies usi*il for |M)lliiialion (see \p|x*ndix III are: 

• presetuT of a neivh mated and layluf! (fueen 

• presence of an ample (fuanlUv of hnntd and honey 
(siMu ified Mon / 

• feedinf! uith sufiarsmip during! dearth 

• prtnvntion of dist^ases. [n‘sts and enemies 

General management practices for beekeeping willi 
Fun>|x*an A. melUfera lifiustica in tmpical Australia and 
Asia, and that ol I. melUfera scutellala. \. m. tufansonii 
and other races in Mnca and tmpical \menca are now 
known. I. cerana indica is (inind in much of tn)pical Asia 
and its management practices for this region, though a 
bit difien*nt Iidiii A. melUfera. are also known. 

Sjx*cific maiuigenieni lechni(tui*s for I. melUfera in tmpical 
Asia incluili‘avoiitaiKeoft}»4*ivti»|xmLsilic mile Tn>f>ilaelaps 
darette. which nonnally (originally ) was a parasite solely 
of \f>is dorsata. tlie common giant honey lx*e. 

Mites that kill or debilitate btiMKl art* not easv lo contiol 
ami tvi|uitea mixliitvol chemical ami cultural maiiap‘tiH*iit. 
Another mite, \arnta jacohsoni, is also a pest of \pis 
melUfera. but not ijuite as serious. It was originally 
assix ialeilonly with Apis tvrana. I1u*se miles iniest IiunmI. 
feeding on the pupae and killing them or preventing 
their normal develo[)menl. (Umtral lo contnd schemes is 
the need tt> hrt^ak the Imnul rearinfi cycle of the honeyln'es. 
In Bunna. this is done by caging the i|ueen loralKiiil three 
weeks and fumigating the hivt* with )ihcnolhia/ine. In 
Thailand. IhimnI is mmovml and allowt*il to die. and fine 
sulphur and luiplithaleiie isapplieii asa fumigant in hives. 

In many tn)pical regiims. management against American 
ami Kum[x*an foulbiiNxi disi*a.si*s is ii*<|uin*d. In the Indian 
siilx-ontinent. A. ceranti indica is s**vt‘ii*ly tlm*ateneil by 
lliai sac Imxxl vims due to the rix eiit n*currence of the 
epidt'inic. In other |kii1s. this honey Ixi* is safe. Hiough 


hillitmlion ifCiiltii ated Uhints in the a 


ihis honeyluM* has relatively few pesis and enemies. 
al)s('ondin^ is a pit)l)lem. I'o prevent the <*olonies fn»m 
uhsi'ondinv. the following practiees are important: 

• w/e/y against na\ moth and predators misfks insi’ smaller 
hire gates} 

• management against high lemiHraInre inse cooling 
arrangements) 

• management against prolonged rains (ensure sugar 
symp feeding } 

5) Ifelltocfx for crop p«*ffitialioii. 

For use of lK«ie\l)ef's in |)ollination, pivfXHralioii ofstaiKlanl 
colonies and making a pnn ision of required miml)er ol 
col(ini«*s is essential. Although then* me clear coloin 
rei*omnHMMlati(wis for tin* tn»pi< s. standanis fmm temperate 
areas might he extended to these regions loo (see 
AppiMi<li\ II). The field of oilseed rape {Hrassica 
jumea) has al)out 20 million llowers/liectart* when in full 
hliMHii. The Kun)|)i*an honeyU'e |M)llinales on an avt^rage 
6 (lowers f>er min and (at Hisar) remains active for 3 hrs 
(3(X) min) on the crop tluring Fehruarx (when winter 
IxH'omes miltl). During this ()eri(Ki fi\ e staiulanl grade-* A* 
field colonies/hectare are required to daily pollinate 
each (lower. Flowers of ray cnn>s nMnain o|)tMi for three 
<lays. Therefore*, each flower Is e\|K*< ted le) nn eive lhn*e 
visits during its l>l<K>ming [)eri(Ml. which should leeenoiigli 
for effe< tive pollination. Il(»wever, the numher of 
colonies for the same cn»p should van. fnnn s«*ason to 
season. Karly in the season when there is e\tre*me cold, 
the activity duration of foragers is limited loalx>ul3h (200 
min). During this j>eri(Kl. therefore, the nunil)er«>f colonies 
n*(|uin*d should lx* greater. IJkewise*. the numlK*rof gratle- 
'\V Held coloni<‘s (or this (‘n»p. and gnid(*s-A and -H on ‘haul 
colonies fororchanls can l»e detennineel. Acconlingly, this 
nunil)ercan l>e employed cind manageel. 

Ten-(ranie colonies o( Apis cerana at full strength will 
have 8- 10, (KM) hees and from JMK) to l.(KM) (oragens. 
Their al(rihiite*s place tluMU as e(|uals to one-third of the 
staiulanl grade-A (lehl coloiu of Knmpean Apis mellifera 
ligustica. However, the foraging rate of.!, cerana is alxHit 
1..S limes more than A. mellifera and the working hours 
of this hee on a daily basis are also more. Therefore. 
aluHit seven standanl grade-A field <*olonies (analogous 
to , 1 . mellifera) should he essential for equivalent 
pollination of one he< lare of a Hrassica juncea crop. 
Likewise, the numher of A. cerana colonies for other 
crops can he determined and employetl for (Millination 
near the target crop. To iiicrtrase honeyl>ee fiollination. 
time, place and ways of colony placement are most 
essential. In order to establish fidelity and constancy 
of honeyliees to tlie target cnip. their time ol intnKluction 
is most important. Colonies should not l>e moveil t(Mi 
scKin or too late. \\ hen hlcKiming intensity has reached 
2.39J, this is the right lime (dr colonies to l>e brought 
for |U)llination. ()thc*rwise. (‘olonies should Ih* moved in 
small lots w ith tiu* progression of flowering to its |u*ak. 


\\ her»* to place the colonies^ Nomially when available. 
I>e(*s lend to forage for (ikmI cIos<* to their hive's. Placemuiil 
of colonies close* to the large*l e-nip. therefore, is inijMirtant. 
I>ecause sucli colonies e-ollect more i>oIlen and gain more 
weight timnigh nectar collectiem. However, at times, lux's 
I'eject high re*\vanling crop in favour of less lewanling 
e.g. ■!. mellifera prefers chick |M*a e)ve*r niya and onion 
(|)ersonal obsenation). Here, as desc rilieel alwive. emp 
environment management practices are needed to 
discourage the bees fnirn foraging on non-taqrel cnqjs. 
Colonies are placed in gmups near or inside the taiget 
crop area. For laige cro|>s. and when* low wind vel(K*ity 
is ex|M*rienc<*<l. colonies in gi*ou|>s of 20s should U* plac(xl 
in the middle. For small ciop areas. 2-3 colonies jjergniup 
can lu* distribiiltxi evenly thniugh the cn>p. U‘ginningat 
the middle. Dis(U'rsion of hives in small gn»U|>s ihnHighout 
theenpama is not always essential f(»ra unifonnavailabilitv 
of j)ollinators (see Section 2.4). I nder higli wind vehx'ity 
conditions, the colonies in small groups sh(»uld be 
placed along the edges of the target cn»p (upwind and 
downwind). However, selection of colony group size and 
their dis|>ersion should dej>end U|x>ii pnMluclion results 
oflheir)xirticularniana^ment. For 4. tvnma. huger gnni|)s 
should lx* easier to maintain than the smaller and mon* 
scattered giioups 

6) FoasibUity of honeybee-poiHnatUm 

tti llic* Iropiriv. 

All the management practices fiu' the u(ilizali<m of 
hone\lxx*s as |M)llinatois(»f (*n)ps. iis dt*scrilx*d alM>ve. are 
not feasible in the Intpics at this moment. The simple 
reason is unavaiiabilily of the re(|uired facilities. Due to 
the availability o( A. mellifera almost everv vvhen* and A. 
cerana in tnipical and tcmpe*rate Asia. ImMIi sjx*eies can 
lx* utilized for |M>llination of cn>|>s. Apis cerana can still 
lx* a lx*tter or more easily manage<l |x)llinatf»r due to its 
su|x*rior attributes: 

• Colonies of A. cerana are smaller than those of -L 
mellifera. u hich facilitates their easy handling. 

• Foragers of \. 4*erana lane shorter foraging range than 
those q/ A. mellifera and thenfore. visit the target cn)p 
u ith more relialiility 

• Colonies of i*erana have defenses against very 
significant Asian colony predators such as certain 
(fthegeniLs \(es|KL ivhich attach Apis mellifera and against 
uhich the Furopean honevhee does not defend itself 

• Foraging rates of \. cerana are higher than those of 
A. mellifera. Therefore, smaller forager inypulations of the 
colonies should he eiptally useful as larger colonies of 
EurofKmn honeyU^es. 

I tilizati(»n <»f honeylx'es for pollination (»( (‘tops has 
not yet become popular in (he tmpic s due primarily t(» 
ignorance and unavailability of colonies and other 
facilities. In many (d the countries, there are no 
beekeeping or pesti<*id«* laws, or th<*s<* are comph*tely 
ineffective. Desides, honeybees are kept only for 
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Imiu'v imNluclioii. nriit'fitN of lionrylKM' |M)llinalioti in 
llie Iropjj's art* slill largrly i>iar<*rssil>Ie In lln* m*«mI 
growers. However, the benefits oflnme\bee |M»]liiuilinti 
are niii(‘h greater llian the benefits from other hive 
imMliiets. In onler to tap this umlenitilim! }K>!lination 
potential in tropi<s for iner<‘a^<>ing fiuMl pnxlm'tioii. 
iiiunagefi |N>iliiuili<Mi will have to Im* ie<'ogni/e(l as one 
of the several mainstays of agrieiiltiire. This is (»l utmost 
impcM'tanee to meet the food demands of a rapidly 
inereasing world |M)pnlation. 
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Katliee ibr extending help at various stag(*s4»fpiT*| miration 
of this artiele. Fumis for this aili*'h‘ weie ulili/e<l fmm 
the pnijeet *K-g) /<M)-6-0ir linanee<l by Ministrv of 
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Solilar]i| B****f( for PolfitioCiwii 
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sitlilarv Ufs; In-low: iiosliiig luiinrls of w js|r st«*ms / \nituio^ — 
sorianiiii — Ibr \yhnttfHi fftirsintUt. ii Inrgr rnqn-nlrr In-r 


Tw 4) mt^gaehilid species. Mc^achile haryanacnsis aial 
ChalirtHlnnui ntltrifH’s. ha\4* Iteen id(mtifi4‘4l as |K>l4‘iitial 


s|M*4‘ialist [M)llinal4jiS4)f alfalfa ( IWiVYi^o.w/nYi). AnotIwT 
two nH>ga(*hilid spix ies. Chali-nuinnui lanafa and 
Chali< ofltuna (rphalolrs. are |K>llinat4)rs of pigeim |x*a 
{Qijaniis raj(tu). aiul one Iaige4ar|)*‘ntt‘r lx*e. the \vl(N’o|>iiH* 
frnesfntta. |x»llinates several eiieuHtits in semi- 
arul and siiblnipical i limato. F4>r pollinalum of lhi‘se 
4'n»|is. tli4 ' Ini'S ciui In* m;uuig4*4l in artifit iai nesting d4*vie«*s. 
using management praetiees described here. These 
jvarticular Ix'es an* active iluring higli ambient U‘m|N*ralim* 
anil low rt'liilive liiimidilv. 

For many cn>|is. honeylM*4*s an* unr(*lialde |M)llinalois that 
act mainlv as n4*4-tur or |N>llen lhiev(*s. Altlioiigli thiw ilit 
ni>t |N‘iforali‘ or rob ihi* llowt*rs. thev ilit not transfi'r tin* 
|N)lleii U'lween anthers anil stigmata. 'Ilteiefore. in such 
4'n)|)s thev aieof no use and iilso detrai l fmm tin* {Ntllination 
valiii* 4»( oth(*r oiganisms by I'ltmpi'lition — making tlu* 
ivsoiircf* less altrai tive or available. Iliis is tnie in siweral 
legumiiioiis and i>lher 4*mps sut li as alfalfa. pigi*on |tea 
and some cucurbits (see also Sections 1.2 to 1.5 anil 

.Ap|M*ii<li\ I). 

These bi*es arc attracti'd ti» nest in tunni'Is. \\ hen* 
m4*ga(‘liili4l bc4*s aciept a wiile variety of tunnels for 
n4*sling. VvAxo/xi fenestratn ai'cepts limitcil tunnel lv|»es 
in Ii4>ll4»w stems only. However, hollow stems will) soft 
inlenial pith are easily acceptei! by all these bees. Nest 
material inchuli's hollow sit^msoivasUirJiirinisiWwminis 
anil sai'kaiida. tm/if/iH Fig. 1 ). 11te inti*ni<Nlesof pivfen*ed 
length and internal diameter are taken liy females 
i-hiKisinga nesting site. 'nii*se tunnels are lightly |>ackt*d 
in a wiKMleii rei'langular basket or hive (Fig. 1). These 
l>askets. with their fmni a bit tilted ilmvnwanl (to avoid 

I ) Bov 

B(‘i* iK'sting U'liavimir ami tempi'rature prefen'iici's 
are shown below in the Tables. 
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T;il)lc I. It«*liiliv4‘ ari t'ptaiK'i- (»f sirkandu ! \ntudo t aiiil i iHor 
ffiirinust liiiitu'ls in diflbn-nl >t*urs l)\ wild |Milliimlnrs of rn»|b> 


thi* spilling iHit of nesting tul)es) are pul in the l)ee shelleis 
near the edges of i rop areas. Woixlen baskets can 
easily l)e construcleil. The cells of megachilids and 
immalums of xylix-opines frimi the nest tunnels l an In* 
tak(*n 4»iit by t(*aring th(*m op4*n with a knife (Fig. 2). If 
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iH‘r<lr(l. lli('si‘ rrlls rniilaiiiiiig tlir inimatmv l an 
Ik* !rans|M)i1e<l In Ik* stc>n*(l in llu* (le*sin*(l j>lar<*>. \«*u 
Uiniu^U arr |)ro\i(U*«I a>;aiii t<» ri*|)lact* llu* iis(*d <nu*s. 

2) S^tdit straws (ior tnt^gavhUids oiilji). 

1‘his in\nl\fs llie usv of papur ilrinkin^ straws of 
<lini*i»*nl «liaini‘tt*rs. Slmws are rut with >har|> l)lallr^ into 
(l<*»in*(l Irnjjlhs. willi om* rrul krpl o|K*n and (►llu*r «*ti<l 
rlos4*<l willi (*oll<»n plii^s. Tiu* straws aiv tightl\ parkrd 
ill small winhIuii l)o\t*s <'arr> in^ a lliin <*oI1(mi >luvt at llu* 
Imsr and rlos«*<l Inmi onr sidr (see Fi^. I ). Iliese l)o\e> 
aiv kept in the wiKnleii luiskels aiul plac ed in Uv-slieltei-s. 
TIu* (M*lls run Im* lenmved sirnpK by teariiifi off these 
liiiuu’ls li\ hand if ii('<*d Ik*. The* limitation ol siirh nesting 
liiniu*ls is that th<*\ an* w*ia c*asily taken out In the nest 
pnnlators like* binls and n*f)tih*s. 

•*l) bfoc*lh*-^«Mlci ivfrair €*oiiipf€*.v 

(for itH*0acfiifidx fMilfi). 

lliis iu*sting(*omple\ consists of reciang^ilar wooden Norks 
having hoh*s. iinilonnlN dnlh^k 10-12 c*m in length and 
Lo to 7.5 mm in diamc*ler. de|K*iiding u|Min the si/e o( 



Kip. 2. lletl) c«*lls of Chalinultima nihrifit's ifoniieriy rjllril 
Mff'ochilf' lhiii/n'si diiii (I lannlu ( M. Itimifal in o(ktw<I iW'-liiip 
of cii>lor tfiom Siluip. 


I- ip. .'I. jiIhim*: Uiiinl n«*s|itip lakoii apiiil tn -»hou 

h\ti Imho <»f lli(‘ -inirlun' am) llir |m|N*r soda slra>\> in pl.ici' 
williiii llir dril)<-d Uitmcls. Im'Iovs: driilrtl nolitip Iuiiih'Is in imtlirlt* 
iMkitth. fitlt'd in an iron fraint* 

ihe lM*r specie's to hr domirih'd (s«*<* Figure*). Thr>*i* 
eiomie iles make a pe*nnanetil stnirture. .*s|raws ran he 
put iiisiele the holes (or the easy removal eef ihe* cells. 
( )neend of the holes is kept hliiid eith<*r h\ taking a hlen-k 
of larger hreadth or In applving an imn or me*tal sheet 
In'IiIiuI lorhe*rk tlk*arti\il\ e»f |uiiusite*s and lH*st elesinnris. 
WeKideii hiorks are lighieiie*d togetlie*r with ropes or 
iiK*lal wires and then an* placed or hung in the* Im*<* du'lte'is 
|s«‘e Fig. I). 

4) PariivU* tHHtrd — s^tda straw 
vinnplox (for uwfiaiduliifs oiili|)« 

11u*i!Misl IuiimK iuid |N*nnum*nl stmrUm*s an* the*domie iles 
(d particle iKianl. though these are also the* most ros||\ 
domi<*ih‘s. llu* ]>iulirl<* UkuhIs with hole's of de'sired le ngth 
and diamete‘relri)le*el lN*twe*e*n irnii's are put one aUnr the 
other and fitteMl with the* help ol mits and Indts on the 
side iron rods in the iron frames. (Fig. 5). The whole 
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slruclui'e is llu*n him^ in tlu‘ \wr sliHler \vil(i llie help «»f 
melal uin*s. Allerllie filling of’ the tunnels with U^M ells. 
the |Kiili(*le lK)anls eun Ih* opeiu**! anil the i-ells (‘an Ih* 
Uiken out (if ti(*etl Ik*) with the helpoffine r(Hve|». Ilowexer, 
if (lifileiilly arises in the reinmal of cells, the stnla straws 
ran Ik* slipped inside the holes (one side kept Mind) 
fitmi which cells CtUi Ik* taken out as dt‘scrilK*d alKwe (Kig. 
3). 'Hit* (IM* of pailu le Ixuinls has an ad\antag(‘ that tli(*\ 


Kig. -I. |M‘nnani'nl tier dH'llrrs; aliini*; nuMir Inmi mud and anglr- 
iiiMi. H»mi‘ ihMs '•u>|K‘tMinl fnim railing. Udim: du-ltur <'i>‘rU‘d al llu‘ 
4‘dgc <i( an aifalfa fit'ld. sluming tic‘>l> sn>|ir*nilt*d uillun iIk* >lH‘tu*r 


( an lie cleaned veiy easily and can l>e reset in the fonn 
of hliN'ks lor flesh use. Kor this puipise. indixidiial partk'le 
Uianis of (dght hl(M'ks an* s<*rially nijnilM‘i(*d. 

•>) Tfu* In» 4» Nlu»ll<»n 

Kee domiciles are pnilected fmin sun and min in the liee 
shelters. A nimeahle l»ee shelter is ol utmost inifMirtance 
lor taking the Imv doinicih*s from om* place to the other. 
However, a |M*mianenl liee shell<*r tlial is eiiecled lK*side 
the field, and lived in one place can also s(*ne the |Uir|)ose. 
where the target crop is grown year after year. The 
shelter can Ik* conslnuied on angle inin coveivd on the 
top w ilh the help of asbestos or cement sheets llniily 
grip|K*d with tin* help of inin h(K>ks. or it cun lx* in tin* 
form of a simph* mud hut. (Fig. II. In the forim*!' I\|m‘ of 
shelter, between the horizontal angle-irons, a space is 
left for placing the wiHMlen baskets or hanging the \v(H«len 
blcK’ks or particle Uwitl complexes (Fig. 3). In the latter 
t\|K‘of sheltei> the domicile's aiv Mis|M‘nd(‘d by m}M*s Inim 
lh(' iKMif siip|M>rts. or iron ikmIs. and so forth, or placiMl on 
the sup]Hii1s (Kisitioned for this pui'|Kise along the sid<*s 
of the walls. I lowever. there is a great risk of ants attacking 
the immatuiv Mi's. Iliis can U* pn*v t*nted eitlier b\ placing 
containers flll(*d with water at tin* liasc's or by applying 
OIK* of tlu* availabh* inse(*(icid(*s that is not highly toxic to 
Ih‘4‘s (sc'c* A|i|MMHli\ III). anHind the* liotlom of iK*st lio\(*s. 

U) Coloiiitcilioii ot domMU^s hy 

Megachilid bees can be pnK’uretl during the donnarK V 
season (at llisar. India from December to Februaiy) 
as diapausing larvat*. wh(*r<*os xylocopine larvae* can 
be procurc'd when \. /(•neslrafa engag«*s in brisk 
provisioning acliv it\ (at Hisar fr<»m Man*h to 
()(‘tolH*r). Tin* lanai* an* allowe*d to hatc h in tlu* d«*sin*d 
places. These bees eonslnu t nest cells after emeigenee 
in the same tunnel or in its vicinilv. Males aiv the first 
to emerge and w lieii about 4(K/f males have emerged, 
females start emergence. After mating, tliese l>ees again 
build their populations subject to the availability of 
forage. The cnip growers task is to pmvide appn)priate 
iK'sling material in sulficient iuimlK*r in (he Im*c sheltei’s. 




l*olliuolion PUmh in f/u' 


Once sufTicienl nuinlicrs of the l)ees have built on the 
nesting site these can be (lisj)ei>>e<l in the areas, 

rhe population can also 1m* pnK'ur(*d or augmented by 
the nu‘llnMl of *lra|»-n4*sting‘. I nder this tec lmujiM*, small 
nesting slrucliires are |)lacetl in bee shelters near the 
reference crop grown ill different localities. The nesting 
lunm*ls with immatiires are pnM’ured from the hives 
and taken t(» the clesired place where alter emergence 
these will colonize and establish their population. 

In this way, these l>ees can Im* domiciled and manageil in 
dt*sin*<l n'gicMis. Siiwi* th<*s<* U-fv work at higji-U*m|>eralmv 
rt'gimes, they can be intiiMlm ed in many places having 
(Mmditions necessarv for setting and maturation of alfalfa. 
t)igeon |M*a and cucurbits. (JimfiaHlonui lanata is active 
at n*latively low«*r tem|K*ratuivs which coincide with the 
blooming |M‘ri(Ml ol pigeon |M*a. Xylociifni feneslrata is 
active at a witle range of teiii|)eraliires when a large numl)er 
of cuciirl)its come in to bkxmi. Alternate waste stem tunnels 
with hollow pith may U* tri<*ti for k<*eping th(*s<‘ and other 
r«*lated bees. de|M*nding upon availability in diffen*nt 
ln>|Mcal zones of the gl4il>e. 

Hie management and utilization of these }x)llinal(H>i when* 
h<inevlx***s im* noi always iisi‘ful has Urome m<isl 4*sst*ntial 
for tla* fM>llination aiul incn*asf*d set*d and fruit priKludion 
of crops. The practice takes adv antage of unused 
natural resources. S(nne solitary meguchilid and 
xyl(K'(jpinc Im*cs play an im|Mnlant niU* in the iiwreas** 
of ciDp pnHiuction. Devising a methodology for l!n*ir 
domi(*iliirgand maiuigement wilt help to solve this pn)blein 
to a great extent an<l the implicatams seem to Im* far- 
reaching, especially in the poor developing and 
umlevelo|)ed countries where the economy is shattered 
and high t(*chnologv is far fit»m tin* teach of a (*ommon 
man. \erv simple lechnologv suggested here, with rnaiptuii 
or no inputs but imme<liate utilitv. shall make a viable 
tool for the seed and Iniil gnwvers to pnxluce their cn)|»s 
in the arid and Irotrical pails of the wttrld. where thes«* 
Im*cs an* ada[)t«*d. 

I se 4)f hollow stems of castor {Kit inux), stout grasses 
{Saa hantm) and sarkanda (, InmJo sj>|>.) and inanv t>thers 
(whi(‘h will simply go waste), along with w<MHien ixLskets 
to hold them require no in|)iils. Rather, these waste 
materials shall lx* utilized for a verv useful pur|)ose for 
k(*t*ping the |>oliinating bees, due to whi<-h lM*m*fits in 
enq) se<*d pmduction should lx* \er\ high. For other 
lechnittues. the gnwvers shall have to apply some injuils 
(see also S*etions 1.6. 2.1). The lx*e houses can even lx* 
consinicted with mud (see Fig. 4) where, in nature, 
nu'gachilid hees very olten go for nest construction, in 
crevices of walls and logs. However, the pollination 
seie*ntists would lx* n*(|uin*d to conduct surveys {>f tire 
local host plants of these hees. Ka[>il ami Jain, am! 
Sihag (see Additional References) liave already listed 
some host plants of these* lx*es. w hich can lx* intUMluceel 
ahuig with the hees. 


Re*caiise* these Im*<‘s sele*ct luniu'ls ol 4lilT(*n*nl eliameters 
with semie* e)v«*rlap. and the* ne*w t‘m«*rg«*nts t<*nel to nest 
in eir ne*ar the* (>ait*nlal iie-sls. the lx*e gnnips can easily 
lx* s(*givg4ited in se|Kirale shelters to minimize comtx*tition 
lx*lweeii sjx*cies. In addition, many e>f the natural e*nemit*s 
of these lx*<*s arc n*cognize*el. which shenild make* their 
managenie*Mt se anew hat easier. 

:\cknoule<lfpneni. I’he* author wishes tei thank Pmf. R. R. 
Matluir fe>r general fa{ ililit*s. Hie* ailie*le* was piepart*el 
uneler the* pn)je*e*t *(4a)-ZeK»-2-\P-Agri.*. spemseireel by 
the stale government ol Haryana. 

lWip-\e»liiig Soiitaif/ in 
Ifiimid & lllpf lW>picx 

Results given here are fnmi using a variety of wexMlen and 
paper straw lra|) nests in central Panama and Yucatan, 
Me*xico eluring ten ye*ars. Phis is a substantially dilTerenl 
habitat from tlie* subtropie*al anel me)re arid places where 
traf) nesting has lx*en useel for jxdlinalerrs (see Secliems 
1.7. 2.5.5). Aimiiai minlall is lx*lwe*en two and four mete*rs 
in tliese iowlanel tnrpical habitats, making tlie*m fall within 
the* i-ange* of tix)(>ieal meiisl anel vv<*l fore*sis that have a 
distine t dry se*ase)ii — usually e»f three to feuir months. 

• Material {>ref)aralion 

rhe weroden nesting blercks or boards were 
prepareel with nem-treated. erven-dried weioel. usually 
pine e>r meeliurn harel te> se>ft weMxls with a relatively 
fine grain. The wexKlen lra[>*nest blocks were prepared 
by drilling holes, in the direction of the grain, 8-10 
cm in length, fhe inner end of the tunnel was left 
blinel when ne> sexla strav>s were used (see .See lion 
2.5.6). When paper sexla straws were |)laced within 
the elrtlled tuniu*ls. in large nesting blocks of 
apprerximately erne meter length by 15 cm high by 8 
cm deep, lierles were drillerl completely through the 
block, rhe paper soela straws we*re* be*nt closeMi at 
one* extri*me afte-r be’ing inse*rleMi in the Imles. Merles 
were eh*ille*d of varying eliameters ( j/8. 1/4, .4/8 and 
1/2 inches) or all of a single eliameter in each ble>ck. 
HleM-ks employed were either secliem of 2x4 inch 
e-emslnie'liem liinher. or larger wexxlen hlex'ks, in which 
several hundreei to a few thousand holes ceurld he 
elrilled. Spacing erf the he>le*s varie*d from one to two 
e ni l>e‘twe*en the individual tunnels. 

• Placement of artifieiaf domiciles for Itee captare 

rhe best areas fe>r suce*esslul capture of nesting hees 
were* in prote*e te*d situations, and where semie lx*es cemld 
alre*adv be se*cn ne*sling. FrexpiciUly there were under 
the* e*elges e»l wiMxleti err palm lliate*h nxifs. eir next to laqie 
ele*ad trees. Placement within the forest usually 
resulted in liigh colemiziiliem rales by various ants anel 
Tryfxixyton vvasfis. 1'he‘ix*fore*, al)andoiu*d buildings err 
mral he)ust*s iu*ar relative*ly fe>reslt*d areas we»re sought 
ferr elerrnicile placement sites. 
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• Hers rommonly ushtfi trap nests 

I1ie principal !vf)cs ofln^'s indiired loiicsl in llic l)l<M-ks 
were Ceniris analis, Megarhife spp.. Heriadrs ami 
Raratetrafmlia. The ilrsl s|NH‘ies is e\(rt*tnely eoinmon 
fn>m Mexi(t» to Hrazil and is one of a strirlU NtHUmpical 
pnnip of anihopliorines. Iliis small ceniris and a few other 
species that colonized tunnels preferred trap nest 
tunnels of 1/4 lo 3/8 inch diameter. IIicn would he ideal 
|M>llinalors for huzz-[M)lliiialed cn>ps such as ai'emla. 
\talpifihia , which is not visited In lioiieyU*es or many 
other l)ces. Ceniris analLs , unlike many l>ees of this jienus. 
is n<»l highly s<*asonal — it has s<*ven yearly ^enerali«»ns 
and a developmental to adult) time of 45 days (see 
Uouhik. 19119). 'llie next two geiw*ra ar»‘ mepachilids. with 
the latter consideraldy smalhi and usualh colonizinvonK 
the tunnels of 1/8 inch iliameter. \l least four ine^achilui 
s|M*cies commonly used the tunnels and apiieaiifl to U* 
seasonal, larj^ely active during: the dry season. 1'he 
HaraielrafH'dia was sln>n^ly sf*as(Huil. only seen at nests 
during the diy M*ason to wct-s<*as<»n transition ih'iichI. It 
used tunnels «>f 1/4 inch diameter. 

• Ac5/ fHtrasiies and fx’sls 

Fhe persistent f)arasiles detecte<l for Centris weiv tlie 
chalcidoid wasp. Ijcueospis. and a fens sfHMMe^s of the 
ch*t)te)|)arasilic megachilid. Coelio.ws, Kach of these lays 
its in the* iu*st of a host U^*. usually a me^^achiliel or 
anllie)phe»rine. Stinjiless l>ees. Tri^ana muzoensis and T. 
eonina, also came te» the rtest cells of Ceniris analis to 
collect the resin-like nest entrance pliipi ele|x)site*d hy the 
female bees when tlieir nests were completed — 
})resumahly to dec rease nest ae'ces^sibility lo the l/nu'ospis. 
which slowly chtnvs ihnuiph the plups ami then enteM-s the* 
nest let jwrasitize* the* c«*lls. Hie Tri^ona airi\eel in small 
proups of 5 -15 Im*<‘s to inte*rlere* with the* acti\itie*s of 
nesting Centris e>r either lx‘es by atlae-king the aelulls emtside 
the nests, but they were rie\er a serieuis pmblem. ()lhi*r 
small parasitic wasps or miles arriveel in the e*ells eif 
some of the lH*e*s but we*re* infnM|uenlly seen. 

•Rei'ommendat 'ums far future m)rk 
The* tra{wH'sting Im*(‘s eif the* lowlanel NcMilnifiics shoulel 
lieexpleirefl as |K)tenlial tMillinaleirs fora variety eifcrofis. 
Sime eif the drawbae*ks are that the same nesting sites 
attnu'l insects sm li as TryjMixdiHi wasjis. whie h use |x>lential 
nesting tunnels and seal them eifl with mud. In additiein. 
the coinmein Ceniris use a strategy to dee eive their natural 
enemi(*s. primarily Ijpurospis. that iise*s a large* numU*rof 
ne*st tunne*ls — lhe»y seal ihemi oil with the* n*sin-like jelug. 
(W en though they have* not (‘oiistnicted or pnw isionHl cells 
within lliein. This lM*haviour makes the use* of nest 
blocks with se\eral hundree! holes more likely lei 
puKliie e* the elc*sin*el re*sults. 
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2.l»* Rosourvvs for FundUtff 
Pofftitalioii H€*«<»arpli 


^lurl) of tilt' <i^ri('ii)Uiral |KMt*n(ial in U'mfx'iatt' climalt's. 
Ixjtli teni|M'rate anil lm|)ioal. has aln*a(l\ Urn t'xploiled. 
However, much of the tropics remains hn‘ rational 
t'Xploitation that is most urgent because many tropical 
countries are thickly |M»pulated. yet most are poorly 
(It'Vt'lofMil, ami some face IUkI shoilafies. All [xjssihle 
edorts will have to U* math' to ineri'asi* tin* efficienc} ot 
agricultural puHluction in the ln>pics. Many agrieiillural 
inputs aix' now being used or tested in the tmpit s. Man\ 
U*ekeef>ers already realize the |H)tenlial Iniefits to be 
it*aliztxl from lending llieirtxilonies forfiolliiuition services. 
However. managtHi [Killiiiation as an iiitmt in agricullun* 
has not vet Ircome jMipular aimmg the crop growers. Tlie 
simple reasons are lack of knowledge about managed 
|M»llination and cilso of funds, fat'ililies and l(‘chni(*al know- 
how. It is now well established that managi*d (Millinalion 
is essential for many tropical cr<»})s and its role is 
(‘xtraordinaiT, and in some c ases even indispensable. 
KtTorts for cnniling facilities and technical training to 
endeavor to |»mv ide adec|iiat<* |x»llination serv i<*e. at least 
as one of many agric ultural inputs, is essential. 

Some <jf the U'tter-kiiow n res<am*es for funding txillinalion 
n*sc*arch and f(»r securing lc*chnical training are lisl«*d 
below. Since managed pollination relates closely to 
l>eekeeping. development of Iwekeeping should mean 
development ofmatuiged |H»llinatkm. Ib*sean*h in these 
two aivas should be highly intenle|K*ndenl. Most of the 
iundiiig agencies given here assist and su(>|>(>i1 dev<*lo|>ment 
pnyecis. liecause iiumy Inipical c oimtiies und(*V(*lo|H‘d 
or have a poor ecoriomv, these }»rojeels are of dir(*cl 
reh'vance to them. 

♦ Uesources for funding pollination research and 
devel(»pment pityecis include: 

«) The F(kmI and Agric ullun* Organization (KAO) oi 
the Lbiiled Nations is a ncxlal agenev for intcMiiational 
funding on agricultural and rural development. Within 
its Agricultural Developtm'iil tmtgrams, it has i) the KAO 
(iovc'mment Cooj)erative Knigramine whic h allows one 
nation to hel[> another nation directly: ii) direct hc'l|> 
thiough Kesean*h and Technical Development Division 
(H*n)D) of KAO. which helps to promote indiv idual and 
ecM»|»erative rt*search efforts among member nations: iii) 
direc t help thn)iigh ‘lntc*iiu*tion Infonnation System for 
Agric-ultural S'ienec's (KiRIS), whic-li organizt*s meetings 
or workshot)s to provide information on agriculttiral 
development funding exists also for. iv) rural 
dc*velc»pmc*nt. and v) women in agriculture — a n>le of 
woinc'ii in development of Iveekeeping makes a sound 
basis for KAO assistance in the tropic s. 

F. U) hetulinutrtvrs 
F(nhI and \fincullure Orfianization 
] iUa deile Termv di Carcalla 
om(MK Home. Ilaly 


*»> L nited Nations Kducational. Scneiitiric and Cultural 
Organizatiem (L.NKSCX)) |mmiotes collal)oralion among 
national through c’ducation. science and ciiltiiiv. Kunding 
may come* from i) tec'hnical and financial assistanc'e to 
legicHUil and suiMvgional nelwoi'ksofc'ducational innovation 
for develofmienl. for which innovations in agricultural 
c*ducation should fonn a I»asis: ii) tc'c hnical assistanc'e to 
strengllu*n infrastructiuv and launc’h pn)jc*c'ts on science 
and tc'c hnologv cxluealion: L N HS(X ) managt's funds from 
World bank and LNDP (l'nitc*d Nalicms Developmcmt 
Pnigramme: lec hnic'al assistance in |Killination n*searcrh 
and its development education should fonn a Uisis: iii) 
funding of researc h pn)jects on ec'olc»gic*al sc iences, which 
is of diri'C't relevance to pollination and ec’osyslems 
(c*s|M‘eially agive«*eosvstc*ms). 

I A A'.S’CY ) headi/uarters 
I \ ES(X) H(Hi.se. 7 Flare de Fonienoy 
7o700. Faris. Frame 

v) World Hunk ( W H) extends fiiuuic'ial assistanc e in three 
fomis: loans fin' agiicultiiie iuicl niral dcwc'lofMiieiit. levolviiig 
funds for c'\t>orters of agricultural produc'ts. and for 
continuing siiptioil of t*\ec uting agencies for projc'cts 
fundc'd by L NDP. Because managed |K)llination diif'c'tly 
c'oines under all the three funding mcNlalilic's of W B. this 
c an easily be l>enefited fnmi the W H luiancial assistanc e. 
Nations c'an ajiplv. 

The World Hank ' 

IHIH. II Street. \M 
Washinf(t<m D.C. f .S' 1. 

d) International Dcwelopmenl Agenev (IDA) piovidc's 
assistance |)rimarilv in jxkhvi- developing countries, as 
does W B. but only directly to the governments. In 
agriculture, funds are pnnideci for agricultural researc h 
and devc'lopment. agro-industry, iirigation and drainage. 
fishc*ric‘s. livestCM'k. training and tc'c hnic al assistanc'e. 
Kunds arc* dso given to inc n*asc* tec hnic al lolxmr |K)vver 
of a country. Pollination n*seaivh training for the utiliziition 
of numagc*d |N>llinalion by (fiudiiic'd |x*rsons should pnwide 
a bcLsis in the tmpieal counlric*s to sec'Uie this a.ssistance. 
IDA headt|uai1ers 
Intenialional Develotmienl Agc*nc'v 
mia, HSm-et.N.W. 

Washington D.C. USA 

International f und for Agrieiihural Dc*velc»tHiieiit tIKAD) 
provides c'oneessional ItTm resources for agric’ullural 
(l*‘vc*Iopmc*nl in developing eoiintric*s. c*nipha.sizing self- 
sufTic'ieiu'y and sc'lf-reliance. Thnnigh IKAD loans, small 
faniieis. lalvouMs, ailisans. Iishc'iinan and hc*nlsmeii aie 
benefited from the strengthening of existing local 
organizations, the promotion of lU'W fann gniiijis and use 
of village cLsscx'iations. Bcvke«*{nng. the ec*nlral jxwvc'rol 
nuinaged [Kiliiiuition.eanlN'iMiU'litc'dfmm IKADassLsUmcx*. 


Copyrighted material 


InterfuUiniuil hutuls for Agriculliiral Drivloftnu’iU . 107 
I la del Serajint 
iH)l42. Home. Ilalv 

i) World Healih ()i)'aiii/alion (W flO) siip|)orts proj«M*ls 
on 'food and luilrition* in i‘ollal)mali<m with 

L.MCHK/L NDIVI’Al). Pn)jt*c!s (ni (|iialil\ ftMKl piiMlnriioii 

and nutrition an* arcoplt^tl. on Iioikw puMliiction 

through In^ekreping shmdd tnid support from W MO. 

WHO headifimrters 

Wttrfd Heullh Orf^anizatum 

Avenue 121 1 

(k^rieva 27. Sivilzerland 

liaison Office n ith the l .\: 

W HO. :\eiv \ork. \eiv \ork. 10017. I ..S. 1. 

s) ollu*r I -\ iundiiig snurcfs: i) Lniled Nations 
Knvironmrnt INugramim* AKPt supports |m)je*ct> <m 
environmt^ntal rons<*r\alion. i{(‘os and many otlu*r 
[)ollinatnrs (dmi an ini|KMlanl rom|Hmrnl ol rtninmmrnl: 

ii) Lnited \alKHis Financing S\s|cms Idr S< icncc and 
IW’hnolog) fli»r Development (L NFFA'^TD) pi'o\ iiles hinds 
(nr projects in d<*\ eloping countries to enhance their 
s< ienlinc and technical capahilitit's. espi^ciallv ihmugh 
training: managed |M)llinatiou in ( lopaiid seed puMliiclion 
shoiiM fimi a place to se< iii'e lunds (nun L NFK'^STI); iii| 
United Nations l)e\elopim*nl Pnigramine iL NDP is a 
iiKHlel UN orgiini/ation. hinding <le\elopm(*nt pmgnimmisi 
the world over, esjiecialK in de\ eloping < (nnitries; L NDP 
provides assistance to the projects of great nalioiud 
importance iiudiidiiig related to agriculture, and 
ilevelopmeni of managed |H)llinalion should find high 
pnority. 

!•) Other regional hanks: i| Asian Development Hank 
( \DB) supports limited programmes ol agricultural 
resean h. Iiead(|uai1eis: \siaii Development Hank. P.O. 
Hox 7H9. Manila. 2800. Pliilippines: ii) Afrii-an 
Development Hank 

• Inlenialional hinding ivsources. S-vinal govi’nmicnls 
and agencies piov ide hinds liir nsMMn h and dcwelopmciit 
in developing countries. Smie of these are: i) I S \1D: 
L .S. Aid for International Development (I S\): ii) 
CIDA: (Canadian lnt«‘rnational Developimmt Agency 
(Canada): iii) D VNIDA: Danish Intenialional l)<‘\(‘lopnuMit 
Agenev (Denmark): iv) Duli li government Assistance 
for Agricultural DeveInfMiient in Dev eloping Countries: \ ) 
(German (Jovernment Assistance for Agricultural 
Development in Deudoping (iouniries 

• Bilateral coo|>eration and mutual funding hetvvecn 
govoniments on agre<^l disciplines or priority areas, such 
asdev(‘lo|>ment of manug^^l )M)llinatioii te<'hnical ca|Kihility 
and )K>llination rc^seandi. thmugh mutual funding and 
e\(diang<‘ pmgiumnu's. 

• Inleniational collal><»ratioii. via institutes in tn»pical 
countries, inav sup|Nii1 |Millination ivs^'an h. S)in<> ol the 
following may pmv ide in(ionniitiononpmgraminesoi sup|ioi1 


it) Inteniational Institute of Ti(»pical \gricullun*. Oyo 
Hoad. PMH o320. lhadan. Ovo Stale. Nigeria. 

h) CarihU'an Agrii'ulluial Ueseanch and Development 
Institute. University (iampus. .S|. Augustine. Irinidad 
€*) liislituto Nacional de Pechnologia Agrofiecuaria. 
Hivadavia I Id*). IHAd Buenos Aiiies. Argentina. 

international C<*nter lor Tropu al Agiiciillun* 
Apartado Aeieo f)7-ld. Cali, \alle del Cauca. (Atlonihia 
SmilliMiiiian riii|iical lie>eaicli Itisliliile. Apailadi) 
2072. lialUia. I’aiiania. 

f) liif.liliilo Vgrononiico de Caiiipitias (SSo I’aiili) 
Agrieidliiral Inslilale) (J. I’. 2!i. \\enidi> Barao ile 
lla|iiira Miil. l.'JIOO. Cam|)^na^•. Sao Paidii. Hrazd. 
9>l niversitv ol Cuelph. I)e|uirtment ol Knv inminental 
Hiologv. (nielpli. Onltirio. Nl(i 2W 1. Caiuiila 
10 Irifpical Agi'icullural lh*seandi and liaiiiing Center. 
'FuiTialha. Cailago. Costa Hica 

i) -National Kesearcli Centre. Fl-Talirir Street, Kl-Dokki. 
(iaini. Kgvpt 

I nivei>.ili Perlanian Malavsia. Faliilti Perttinian. IdHK) 
I PM Senlang. Se!ang(n*. Danil Khsan. Malaysia 

k) Marvana \gricultiiral I niveisitv. Hisar. India. 

l) I niversitv ol Phillippiiies. I^os Hano>. .A720. Uigiina. 
Philippine 

I nivei'silv ol lhadan. lhadan. ()vo.S|al4\ Nigeria 

m) Sind Agricnlliiral I niversitv. Tandojam. Hind. Pakistan 
li) Agricultural Kesearcli and pAteiision Institute. 
Naktimsiithammaraj Agricultural Campus. Tnngsong. 
Nak(»nisritharnrnaraj. Thailand. 

o) Univei'sitv of /amhia. I*. O. HON 32*^7*). I.usaka. 
/iimhia. 

National hi'^tituteoflh'seaix-lHm Biological Kes<nm'es. 
\pai1atl(3 Postal (>d. Nalajia. \eracmz. Mexiin) 

Niilional \j;i'ii iilliiial I inNei'sily. Apartado 4.A(). 
\\eiiida. Ui I iiirersidad .''/n. Ut Molina, l.inia. Pern 
rjL niversitv of Natal. Private Hagd75. Pietennarilzhuig 
d200. Natal. Smlh Africa 

s) Hoard on Science ami Technologv lor International 
DevelopuKMit. Ofiice <»f Intenialional Affairs. Natiimal 
Kes4*aivh (^outK il. 210I Constitution Avenm*. Washingtfwi. 
D.C. 24I1H 

INK A. liil>oi'al4mv4leZ<xil4Hgie. laisignanH()f)00. France 
(see also lefenmcei in Sn lion l.ri) 

• Infomial J^mnials s|)ecifically li)rn*st*aivlnni |H)llinalors 
and lM*ek<*eping in devxdoping countries also exist, among 
them an*: i).S/>/nruv.: ufdntm for aculeate nasp re.'ieatrhers. 
<7o National Museum of Natural Miston. Smithsonian 
Institution. Washington. IH^20.V)0. Attn.: Dr. A. Meiike. 
Svstematic Agric'ultural i^lmratorv. NIIH SUip l()H: ii) 
Melissa: the melittidif^ist’s neuslelter. I)4‘parlmt*nt of 
Kntoimdogy. Smithsonian Institution. NIIH-IO.A. 
Wasliingloii. D(i 20.V>0. Attn.: Dr. K. Me(iinle\; iii) 
Cornucopia (International Agenc*v lor \pi< ullure 
Development. P.O. lk)x2U). Ulclifleld. Ohio 1-I2.>.d-02U). 
US A: iv) Beekeeping S: Development (Intenialional Bee 
Keseaivh As.s4M’ialion. IH North Koad. CanlifTfd' 1 .'K)A. 
Uniletl Kingdom: Fax 02224)f).S.S22) 
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Glossary 


AbuttU': nut involving living things 

a small. unt*-smltH| fruit in vvhirh 
ihr lliin vvdls an* ilr>' 

st.'txi fomuitkiii HillMiut S4*\ual 
n^pixxlurlktii 

AfifiTTfiale /mil: oim* ('onsisliiig tif the main 
s<iHinjU* 4-arjM‘ls of oen* flonor 

l//«grtfny; Fortilizali<)n lH*lw4N*n jMillpti and 
ovuU's of (liflonMii fliiwers 
.'l/i//nWu»*4 V.' whi'iv malt* ami lionnapImKlilr 
geivels coexist 

Afulrotrium: the male unit or stiumnis as a 
■mil (»f the flowt'r 

AtulmnuiruK’v\: wiKm* a licnmipliroilitr Ix-urs 
male ami hermapliro<lite flowers 
An4‘nu^tfulyAmt‘nutfJiiltHis: uinil-|iolliiuition: 
plants that nomuills shed |)ollen<-arned 
liv witwi 

Atifrittsfterm: (lowering plant — a imijor gnni() 
of seed plajtts in wliii-li si'etls tievehtp 
within a chtse^l toarv 

Aniher. ]>ar1 of tin* llorul >tdm«m that nomialU 
produces |iollen 

Anlhcsh: time of opening of the flmvrr 
•l/?//i<YVn7oM.v.* flowering-loving — ap(»li4*d to 
an animal that can he a p^illinator 
. l/jo^nmefy: aulommioiis development of a 
nucleus, apiirt fitwn the egg nuchnis into 
iui emhryo in an uganK)>(K‘mi 
Apomixiji/dptHnulic: iton-H'xual n‘|mKliH-lion 
of a plant, incimling Ixith fonns in which 
no seeds are produced irepetatire 
rtftnsluiiion) and thos4‘ in which s4*etl» 
an' pnxlucml (npainospt'nuyi 
Apt»i*on : the eliniinaliim of sj>on* f4>muti(Mi 
friMti the lifiMWele with lli4‘ f4Hination 4»f 
th4*gaitH‘lo|4iyle fnmi V4‘gt'tative tissues, 
iisiutlly tlve niMelliLs. ami mit fnwn a s^joiv 
ArrhpsfMtrium: lissiH* within the niic4'llus of a 
young ovult* that gives rw' t(> Uh* embrvo- 
sa<’ nK)lJier 4-ell. female ineujsis and the 
4*inhrv«es(K' 

,-In/; iIm* nelw4»rk or 4in4*ring 4>f a mxxI fnun 
the [Mnnt of seed attachment 
Autofiam}/<wfo(!<nnous: self-fertilization 
(within a (lower) without (h«‘ tu’eil 4>f a 
|Kjllinal4>r 

Aulomixis: fusion of nuclei within the 

emhr>t»-sji4- 

Hem", a (leshy fruit with skin-like 4-ov4*ritig. 
hav ing one to many st>eds (hut no straw'). 
rievehifMxj fnxn a singh' pistil 
Hroi't: a small leaf 4ir sr-alelike slnu-tiire 
near the liast* of a (Itmer 
Calyx: S4*|ials or rmtr'r wluvrl of ihr* ]H'rianth 


Gi«//»f/rop/M’/y/t-fm//»r/mp/M/<M«; |Millinali4>n 
l>> Iwetl4*s 

(UiiHiJiattion: |>ollitiu(i«Hi of with r-v-rtain 
liny wus|>s 

C«/«w/r: a dry. tlehisr-eiil seed pial from a 
(lower with a conifKMind pistil 
(jtrftfl: tla* unit of an ovary within a 4-om|iouiMl 
pistil 

Calkin: Spike or pendulous type «»f 
inlliiresr-ence marie up trf flowers 
of only one sex 

CJudaza: ihr- l>usaJ )van of an ovule where it 
is ana(-he4i l4» a stalk (fiinieuliis) 
C.halazo^amy: tin* entry 4»f tin* jwdh-u luli<* 
thr4)ugli the ciialaza 4)f the ovule 
f.V]u.vm<j^'rimon.%.- having lloweis in wliir-h 
IMilliiuilnm 4H-eurs while iht- floui'r is 
o|M’n 

Ounn>^en^dnl\: |K>ilinalion hy kits 
CAeisiofiamy/Cleislofiumous: having llowers 
thill are self-fertili/ed willmul o|W'ning 
\ci(Kse-Jrnilizaliim ) 

CMirtif4t'Ttifthil\/chiTttf>lm^duloiL<: |i4»llinaleil 
hy kits 

0om-;4ine4ir MMin* irHlividualsolitaiiKHl fmm 
a single parent hy vegetative 
ivpiXKiut'tion. i.e. clone plants are rami'ls 
that k'long to the >unu‘fftwt 
(Mintmliblc: ca[>ahie 4»f pro4iu4-ing l4*rlile 
offspring kiwi-r-ii plants 
Contlla: tk* whole sheatln»f |>etalsofa Ihnver 
Cnxv: ihr* union tif two 4-Liltivars 4>f the siime 
s|»eeies 

CrmS’iotniMililde: ca|>ahle 4>f k*ing (eilili/isl 
with polh'ii 4»f a 4liffereiil variety. 
('.ross-iMtUiniHion: (Miilirialion in winch tin- 
l>olU'n is transfi'rnxl to aiuither flower on 
a 4liflerent plant of llie siinie sfiecies 
Cullimr. a group 4if ( ulti\at«*<i plants whir-h. 
wIh*ii re[>iudu4-«*d sexually ora.se\uaily. 
n‘lainlhcir4lislinguisliing4'liiiru(-l(-risiu's 
(hut are not nri-4*>s.'irjly a 4listiti4-livr' 
k^tanical s|iecir*s) 

Dehiu'c: tipening 4>f a sr*ed p4>rl 4>r anther ami 
ivlea>e <if 4-4>nt4‘iit> 

lMihof!um\: a fl4>ml condi1i4>ii in wlii4-|i nmle 
and female parts mature a1 dinf4‘n‘iil 
limes, pievenling s4‘ll-|Killinalioii — in 
\MirtinnusLs flirlutffonn the staiiK'iis and 
(lislils rt'ar-h maliiiily at <ii(ferenl times 
in ilt'diutr' |M'rio«ls. as in the aviM-mio. 
/Vr.w‘o 

Ditiui}: when- not all g(*iN*ts in a {H^iulalion 
are liermaphnMlili4-. siir-h that rmih's. 
female's or kith occur 


l)uMt y/duie< ious: lim ing separate sexes and 
two kinds of gi-ne-ts. siir-h tliat slame'iLs 
4>r mair- jiarls anil pistils or female pai1.s 
aiv on ilifTen-ni plants. 

Diftlifiih iiavinga detuhlr- seleife-hmmeisomes. 

usually 4>ne set frenii eae h parent 
M/i/fw/ion.'the* dr'vel4»|Huenl e>f an a|M>mictic 
emhrvo sac hv miteisis or meidifii'd 
meieiscs of the arclu'speirial ceils 
r/nr/jc; a su(x-ulent e>r flis.hy (mil having cHie 
seeel em-loseel in slemy eneJeicarp 
Claiophorv: a fltiral eiil-sec-reting gland 
Emhnit: a mriiim-nlary organism 
Emhrvit-sai-: the* female gaim-lojihy te of 
flowering plants e-ontaine-ri within llu- 
41V uh*. ile-ve-ioping from the surviving 
iiiegaspeire afl«-r ft-mah* mciosis. and 
4'ontaining r-ight mie-h-i 
f,'m/>rvf>n I ; the elevekpmeni of an emhryo 
Entiiuurp: inner layered the pericarp 
Emiosfn'nn: the feieiel resene tissue in a 
set:s). iripioid in angios[wnns, fonneel 
liTNii a ft-rlili/.ing s|M-rm tx-II e-eimhining 
with llw* fused |>olar mu-lei 
Enlonu>ithil\/enloi}n^thilott.i: pollination liy 
inset -Is 

£1vocu;7jl' llieoulenii4>sl layer e»f the fruit wall 
Exsvrlt'il: pnilniding k*vimtl iht* margin eif 
«*nvclo(K*orcon)lla 

Exnin’fmHliulite nectary: a nectary e>n |iai1 e»f 
the plant iHilsidc eif ik- flower 
Female flouvr: om- with a stigma 
Eeiiile: ca|Kihle e»f k*aring fniit 
Fertiliznliim: the union eif male and lemalc 
g 2 mM‘l(*s to pnKlut-e a /vgott* 

Filamenli a liairiikc element e>f stamen 
sup|H)iiing the anther 

Floral ncfiary irejinsiiniiir nedarx g a iveclaiy 
within a flower 
Fhart: one small (leiwer 
Floiirira much skirtciw-elaxisjlk' recejitacle) 
kxuing wkirls 4t( apif’iwlages coiu-enuxl 
witli repi'oeluction — sefials. |><*tals. 
stamt-ns ami caqx'ls 

Frail: maliin- ovary with all its parts ami 
ailhen-nts 
Ctwirle: sexual e-e|l 

Ceilonogamy: h-rtilizatitm between jMillen 
anti ovules of eliffereul flowers on the 
saim* genet 

Caineli^iliylr: tin- giam-le-pnMhu ing |>liasr-4>f 
algjie. hryendiytes aiul h'ms. displaying 
alternation o( genelalions; com|K>seil of 
haploiti 4-ells only 

Ceiu‘t:a genetically intiividiial plant, n'siiliing 
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IrtNn a M'viial fasHin im' mid 

('(insisting of on<* to many ranu'ls 
(i’mimn/nifj: (levelopment of jihuil fniin seed 
(iMinilutt‘ry:/fri7M"luirfUMvi:v>\ivrr limalrafKl 
iK'nnaphnulitr griiots coexist 
Gymtt^ UHvn: imidiicitigonK or |>rnloniinantl\ 
pistillate (lowers 

Cynoecium: the female parts, the carpels, 
of a fluuer 

where a 

hi'niiupImHlile hears ImiIIi lemale and 
lH‘nna|)lmKlile (lowers 
Haploiil: having a single set of rhmmosonies 
(mm a single |tarenl; usually refers to a 
g(*mi cell or giunele 

//erA«g^nmy//ferAf>g«wioM,c separation of 
anthers and stignia within a (lower sui'h 
that aulogant) cannot occur in the 
altseiu'e ol a iMilliiutor 
HemuifihrtMUle: (see /ler/if '/ Jhwer] 
Hrlrntf'amvAitirntfpumiiv a pimit ha\ iiig two 
or moTV kinds o( (lowers 
Heteroslyly/heleroslylom: a genetically- 
dt'tenniiM'd condituai in whit'h stamens 
(UmI st\l(*s I'otO)* in two or tliR'c dlslitK'tive 
lengths, and indixidual flowers hav*' 
stigmas arwl styles of diffen'nt lengths 
— llius pnKiKiting cnissiiig: e.g. distyly 
and Iristylx 

Homogami/koniogamous: coincidence of 
uiiiIh^ dehisceiH-(‘ <uMi stigma rcn‘|rti\ il\ 
within a flower, so that autogamy is 
|M)ssil)Ie if herkogamy din's not exist 
Irulf'hiwiU: nut splitting o|m’m hy its valves 
Indeterminate: continuing to grow after 
(lowering starts 

Inflorestence: (lower or group of flowers 
on a stem 

Intersterile: failure to set fruit when (lowers 
an' crossed with jKillen of certain other 
cultixars of the same sjxn ies 
Ijegume: a one'>cel)ed fruit (pod) usually 
(k'hLscingdimn ImiiIi Sulim's, aiwl liaviiig 
the seed attached along a xerilrul 
sutiin* 

• hx‘ule: comfiortment or cell of ovary, anther, 
or ftxiil 

1/eg^ri.s/iorei in plant s|>ecies pmducing two 
kirwls of sjnavs. thi' sjjorc-ly p(' that gixes 
rise to the female giunelo|>hyt(‘ 

the recliit'lion division of 
elmimnsonw*s. giving rise to two gamett*^ 
each witli half the chnMiiosomi's of the 
|tan*nl ('t'll 

MelilUifJnly/nielittttiJultHLs: (xillinalinn lix ires 
.\fes(Kar{t: tin' middle layer of jM'riear|> nr 
fniit wall 

Micropyle: the pore or hole in end o( egg 


ihrough whieh sperm enters to 
fertilize the egg 

Mitosis: the ordinary ('hanges thiuugli xvhicli 
a eell nucleus passes during cell 
mulliplk'Ulion. pmducing daughter cells 
of cliromosoiiu' iiumiM'r (‘(pial to the 
jKin'rit (‘(*11 

l/i.ve(/ inflorescenre: a hraneh(*r) 
inflon'scence with liotli racemose and 
cymos4* com|>onents. a« in gra|H' and 
mango, in which tlx* main iiiflon'si'cricc 
axis is racemose, the small ultimate 
liraiK'hes cynwise 

Monoery/monoecioiLt: haxiiig sejimate male 
and lenialc How('rs. IhiI on llx* smtx' (ilarit 
Multiple fruil: a fniil consisting of tin* 
compressed fleshy fruithHs o( the niarix 
flowers of a compact inflorescence* in 
winch the axis also (M'l'onus'i tl(*shx. us 
in piiM'Upple. cuslani ap|ilc uikI MtniMero 
M\ophil}/m\ophilous: jKillination hy (lie's 
\eiiar: swift litprid pmduci'd in the rM'ctarx 
of plant, usually within a llower 
\erttir f!uide: (icilain ullraxiolcl-rt'fleclant 
nurkiiigsiHi a flower tluil guide* or diri'cl 
ucclar fe*edcrs to the nectar senirci* 
\eetan: a plant gland that secn*tes nectar 
\ucellus: the* central hodx erf the ovule 
containing the enihryo-sac. whie'h acts 
as a nurse to the archesjioriuni 
Oosphere: the unfertilized female gamete 
()milh4tpliih/orttillntfthtiiuis: |Milliiuited hx 
liinis 

sexual refmKluelion Iwlween 
dillerent gene*ts . usually plants that are 
dilTeivnt iivlixiduals 

Oiur): a set'diU's* or |iurl o( the pistil. iM-ariiig 
ovule's that d(*xe*lop into st'e*d or fruit 
Ovule: the stnictim* that e onlains the e*gg 
imcle'Us uimI dexe*lo|)s into u s**c(| after 
fertilization of the egg-cell inside it 
Panicle: an inflorescem-e* with the main axis 
Imirie-ht'd iritu an ofieti ruee'iiatse* llower 
cluster 

PufiilituutreoHs: hutterflylike*. (M*alikc lloxvers. 
with a large up(>er (R'lal. two laU*ral xviug 
[letals. and twu snuill united keel jietals 
Papillae: s[»'cia)ized e'pideniul cells of llw* 
stignui which receive the jiollcn grains 
Parthenoftenesis: |miduclion of rx*xv individuals 
fmm unfe*rtilize*d egg cells 
Panhenorar})}/jinnhenocnqHr: devclojanenl 
of u fruit without ferlilizutioii uiiil 
llicrHore willioui seeds — as in tiaxe*! 
orange, soiiie* figs. se*edle*ss grape's, 
pine*apple* and Itanaiui 
Pedirei: stalk or ste*tn of iialix idtiul flower di 
inllon*scence* 


Peduncle: the primary (loxver stalk of 

inflon'scriK'e* 

Perfect Jlouer: 6i.'ie.ri/«/ or /ie'mMi/)/jrr«///ic; a 
flowt'r having 1 m>i1i slunu'iis and pistil 
Perianth: the entire* floral enxelojx* incliMling 
iHtih eeatella aial ('ulyx 
PeriraqK tlx* oxarx or fniil wall 
Perisperm: storage tissue similar to the* 
eixk>s()enn hut fonixxl fn«ii the nix'e’llus 
f*tial: a leaf err unit of a usually coloied comlla 
or inix*r floral emelo|K* 

Petiole: lix* leafstalk 

Pistil: the iximmlly central, seed-pnalucing 
(tan (4 (lowe'T. Usually (‘onsistingofoxaiy’. 
sty le, and stignui 

Pisliilate: having pistils hut no stame*ns 
Placenta: the surfiu'e or tissue part of Ovary 
to which ovules hecoine attached 
Pollen: the |X)wdery grains poxlue'e'd hv 
ojigi(i<{X'mi (uitlx'is or the inicmsjxmmgia 
of gymnospernis. which contain the 
nucleus lliut fe'itilizcs the (Mtsphere to 
form a seed 

Ptdlen tube: a thin liiimlur outgrowth of 
|Hillcn grain usually u|xin conlact with 
stignui. and whie'h (X’nt'lrate's style* to 
ovary. )x*miilliiig sjM'mi micle*i to unite 
with egg cell 

Pollenhen plant soun-e of fxillen for fertilizing 
reevplive stigmas 

Pollinariiim: in orchids and use'h'piuds. 
the* structure* dr'lachcd from the* male 
plant iH'aring sacs of pollen grain, 
miitexi loan adhesive elisc that altai'hcs 
to the (Millinator 

Pidlinalitifi: riaiLsferring |H»llen fnxn anthers 
to stigmas. 

Pidlination: placement of |>olleii on a stignia. 

the first step in plant fertilization 
PollinaUv: an aninuil that iiH>xes c(Hn|Kiiihle 
[xollen to a rex'eplive stigma of tlx* same 
plant species, sucli that ft'rtilizalion and 
se*ed priNliK'tion e aii iK'c'tir 
PihI: a nmneM*arjH*Ilury Iniil that de'hisce*s 
doxvn lx>lh sutures 

Pol\ernbr\on\: v< 'n]i more than one emhry o in 
a fertilized ovule. e.g. mango 
Pid\gam\/fMilyf!amous: luixing Ixith |X'rfe'ct 
flowers and those of one sex (staminate 
or pistillate) 

/WxemAryfinir.* the [west'ix'e of nxm* llian one 
e'tiihrxo in a fe'tlilized ovule, formed 
aelve'iitilioiisly ironi the mict'llus. for 
example mango ( Mangijera) 

/^e»«jr; a fleshy fruit dcrive*d fmm seve*ral 
carjecl-s, tlx* nx-ciMacIc tini i exitcr |x*ricaii> 
Ix'ing fle’shx. and the inm*r pericar]). 
pa|M*iy 
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hfrii uial: aniher tlehis<*eiic** thitKigli apit al 
por»*s 

f*ow^aniv: <*nlry 4>f ihr |»»llrn lulu* iiiln llir 
oviilr \ia ihe iiiit n)|)ylr 

(lirhd^iiiNts (-oiwlitinn in ulik-li 
hlima ret'fjMiv ily prriedeii antht*r 
ii<‘hi>4't'tKt* within a flowc'r 
Fr4itiiiulr\/itntiomlnnis: a flower in which 
anthers iiuiUm‘aiMi releav |)olleii licfiwv 
the !^ignm is iv« ci)livc 
f*nilof{\n\/itnitnf(\niHL'i: a fhmer in which the 
sligina IS iveeptive lw*h»rc the ainlu*i> 
n*leas<* jiollen 

I*syrhophil}/psychophilotis: |M>llinatioii hy 
huttt'rilics iuui moths 

Htnentf: an unhranched innorcs4*ence 
Hamel: a physi<»lo^ically inilcpcmItMit 
iruiividuai (from one lo many iiiav 
c(ini|)o»e a jjcnelt 

Herefriarle: an enlarped end ol a ijedii el lo 
w hich (rtie or iiMire llcmetx are uttaclieil 
in |M»IIiMUtion (n'lJo^^. llic* (k*stniclioii 
of at h’asl fiurt of a llowcrionlilain nectar. 
|x>iien or aixrtlwr ivsoun-e 
Seeti: a fertilize!) and matured ovule or 
rudimeiilary plant, anti ftMKi nect*ssiir\ 
for i|s p^rmmalion 

Self-corn fHJiiUe: a plant capable of Udn^ 
feililized hy )x>llen w ithin its own gniup 
of llowers (j«//ore.'ice/Jc<’| 

SelJ-frrtUe: a llower or floret i*apaltle t»f 
hein^ fertilized hy its tiwn pollen 
Self-JertUizinfi: a flower ca|>al>)e of Iveconiing 
feilile hy placing! its (K)llen on its own 
stipnia [self-poliinaUufi anil self- 
compalihle. or aulttffaminis ami 
I'leistopunoiis) 

St'IJitifi: fertilization of an ovule hy a |Milleii 


pniin of the sonn* genet 
Setf-fHillinaling: (autogamous) ca|mhle of 
placing its own |Mdlen u|Hm its own 
slignia 

SetJ-slerile: inca^taide of lieconiing fertiliztnl 
hy its own jxjllen 

.Siwj*nwt/xi/i7ii7/Vv.* where two geiK‘ls sliaie 
some hut not all gametophytic 
eom|>ulihility trails, liiiis in soineen»«4‘s 
SI Mile jmllen grains can effetl feililization 
aiwl others cannot 

SefMtl: the tmiemiosl part tif flower, the fwrts 
of whii'h form the calyx 
Sessile: sitting, lacking a stalk or (wliole 
Sexual repnMluclion: reprixluclion ihmugli 
union of mate atu) female gametes, (as 
opposed to re^etutire repriMiuclian) 
SfKidix: the fleshy axis of certain 
inflorescences, such as llms<* itf anim 
lilies. Iieming llie small flowers or florets 
SfHithe: a large hract enclosing the flower 
cluster 

.S/«Ae: an inflorescence with clcHigaU**! main 
axis aiwI ses-sile flowers 
Sporangium: a spore-producing organ 
.'Yx^jfdn/c.*tlM‘s)Miie-{irrahH*iMg.di|4oHl [duise 
of a spcci(*s displaying altcmalitm of 
gi'iMTalions 

Stamen: the male |iarl of a llcfwer consisting 
of a fllameiils uii«l aniheis 
Staminale: lieiiigeiilindy male, iM^aringonlv 
staiiM'iis 

Staminixle: an iilxulive stamen 
SlandanI: a large upper petal of a 
papiliona<'(XHi> legume flower 
.SVem; main axis of a plant 
Snonium: tiu* multiple fniil of a lig in w hich 
the eilihle receptacle (flower axis) is 


hollow ami linetl <m the inside with 
numerous fniitlets and seeds 
Thieirry : in |iol)inati(Hi ix-oto^, n'lumal of u 
floral reward h> an animal, where 
(M)llinalion does rxit follow as a result (as 
u|i(K)seil to riJtitin^) 

Trittrey: wh«*re coexisting genets an* male 
only, female only, and heniia(ilmMlile 
(ntmplele |M»l\ganiy) 

Thppinp: the n*h'ase of sexual column (in 
legumes) 

TuIxt: the swollen eml of an umh'tTsmumi 
stem (XMitaining fotxl reserves 
I nisexual itrimper/ert Jlotcen: flower^ in whicli 
either stamens or pistils an* functional, 
the nonfunctional memher may he 
(Yim))liieK ku'king. as in (Hsiillale flowt'tx 
of (Niwpuw. or rudimcnlan or alxiilixl. 
as in fig. Ixmaiia. some gravies, and in 
the staminate flowers of pawpaw 
Sterile: Itarren, unfniitfu). iiM ajiuhle of lieiiig 
fertilized 

Sligma: the rtx*«*{i(ive |xirti(Hi of tin* female 
sexual coluinn 

Style: the [xiil of the sexiiid coluinn lielween 
the 4)varv and stigiiui 

Tulter: a much cniaigixl fleshy umii'rgniurwi 
st«*m or Iranch witli eyes (huds) on skh^s. 
lege/ti/«e reimxludion: asexual repnxiuction 
(see afKymixLs) 

\L\ilitr: all animals visiting a flower, hut luil 
mxx'ssarily a (xilliiuitra' 

Xenogamy: fertilization lietween (X)llen and 
ovules hetweeii <lifferenl genets 
Zoofihily: (xillination hy animals 
Zygote: a |mHliiel of the Iwj) gametes or 
germ i-ells 
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fiiliYMfiiclioii to Appendices 

A|i(MMHli\ I. llu* MimilKM of s|H*ries jjitmii in (n>|m-ul roimlri<*s and han«*sU*d in srnii-uiM lialiilals is (>nonnoiis. 
A list ^ven lirn* incliuit's those* widely a<cepU*<l as e*crnu)tiii(*ally impoilani: nmst are* planU*<l. ^^llile a few are* luuve*steel 
fmm wile! plants that are to semie exle*nl le*mlt*el ea |>lanleel. \ fe*w are iise*d for l)it*e*eliii^ pui]>ose*>. enissinjs tlu'in w itii 
meat* familiar enep sj)evie*s eef the* same* g(*iuis. I have not im lnde‘e! spf‘cj(*s tliat an* sedel as e»nuime*ntal plants. iise*e! 
for emlinarv liinln'ror fin'WexNl. e>r nse*d for home* ivniexlies. \\ hile* a fe*w oi llie* |K)llinale>r usseK-iatioiis indirate*d he*re 
are uiipuhlishe*d |K*rsonal olesenations. most are ‘ii\«*n in the literaliiiv eile*d in Se‘elieiii 1.1.3, TIu* jie*ne*ne name's of 
(K)llinate>rs iolle>w their general kinel, i.e. l)iid. I)e*e. hai. Abhre\ iatieens lor some j£<*nera in the Ap|)endi\ are as feellow s: 
\ylo = \yl(H(ffM lliei*): f*( = Phrofms (l)aO: Me* = Mavnyfila'isus tUilt: Vah) = fiimycleri.s dHitl: Na = \<in(niycU‘ris (bat) 
Ki = Eidolon (bal): Ron = Rous(‘lUts tbal): RIa = HlosUni’plialo (wasp). ('.e*ra = < ]e*i'ale>fN)^)tiidae (fly): Ap = \fiis tl>ee|: 
\\v\ ^ Mrlifsma (l)e*t*): Franklin = FrankHniello (lliript:()nl = CW/V*o/V/e.s ((lyt:Stil - Stilolx'zzia \{\\): .\tK \U) ^. \mytos(vlis 
(l>e*e): Re) = HomhiLH llx*e*): Os = Osmio ilK*t*); Me*gii = Me^adiilc (l«*e*): \nlh = \nthof>hora (lx*e*): 'Inji = Tri^ono s. 
sir. dx*e*); Me*g = Me*jiae*hiropteTjn (Iwl): Anel = \iuhviut (Ix'e*); Fo + Forrij)on}yia (Hn): Ij = Ijisiohda (ll\). FlanI 
laveding systems aiv indi(*ale*d I»n the following abbn*\ iaiions: SC = self-e eHiiiuitible: AU = aiitogamenis (anel alsej 
self*e*ompa!ible): A(# = aganu)S|H*nne>ns (aelve*ntitioiis e*mbm>n\ inelie aleel by a lilele lx*fore this abbn*\iatie)n); ()(i = 
obligately enitereessing (eithe*r dieK*e*imjs. me)nex*rienis. se*lf-ine emi(>atible* or. whe*n us(mI in e'emibinalion with SC^. 
sigiuf\iiig that the (K)llt*n must lx* (-ame*d by a \(*etor — the* plant is not ea|)able* ofse'Kingl P(] = paillu*n<N'aipi(*. 

II. Two sam|)le |K>ilinatie)n eontmets are* gi\e*ti. erne* anel Knglish anel one* in Fn*iie*h. As aelele'el ap|H*neliee's 
to eae*h. hive stanelanls anil de'finilions ol terms art* prov iele*d. 

A|>|M*ii<n\ III. Iliive lists aiv given fnmi an e\tt*iisive review of |x*stie*itlt*s and other agrie-ultmal e ht*mie*als aiul 
their known e*ne*cls on lx*e*s. Mie ilanger of the* e he*niieals lor lx*<*s is inelieale*el in e*aeh sen tion of the ap)x*ndi\ as 
serie)us. rmxlerale or slight (v\ht*n iise-el with n*e*omme*nele*d pi-ei iuilions). The lite*ratun* fnun which the* infeemiatiem 
was take*n can lx* fonnel e ite*d at the t*ne! of S*e tion 1.0. 
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(.Hini-.r kair 

30.) 

f.'ntfniufttn •irfiNilnj/MT 

Ba-raillHI) 

IV. 5 

Nm 

'il 5..4 



10.-, 

1 .llinrM- kr)« 

30ti 

riatf^v 

C«slii|aaa liillaiirr 

5101(5 

Ha-Mt> 

N.-.4 



121 : 

l.hinr»r 1 AH|lirr Tn-r 

3or 

(.'m/J/ui ufn 

Caoahaa IlilUH-r 

Molt 5 

H.-mi> 

Nr.4 



871 

(.tiinr^r MullH-m 

3(« 

Cal/ia rv/ti/i* 

KIml 

(;i;i.5 

5|.-.ii..nal 

5 In. a 



.VIO 

4 :hiiir-ar PmMnirmin 

;«w 

4.'afA>jnjri(Aiw rrMfu* 

IVfiwinklr 

xiin; 

Mnli.iiufl 

' 5.ia 



lO'Nl 

(.liinrxr Kluiliiirii 

310 

i^trh litruM 

HiiniuiCnbr 

Mill 

I'lmlirr 

■*1 5*ia 



1120 

4.liinr»rT.»ll.m Trrr 

311 

(,'rtlia pmruntlrrj 

kj|Mik 

llOMIt 

lilu-r 

Nr.4? 

IN. 

I.4I.1N.M. .i:.4..I'i.N4.i:i. 

.ml .V>7 

i.hinr-M* U alrrvlii~alnul 

312 

0'/>ui4t iffpcnifit 

Mllulirl. NJa» 

551 5I( 

5 a-|ip|<llrlr 

55 5li 



2.V, 

4.hinr«r 55 Inlr Oliia- 

3|.{ 

(,'rmArm I'l/in/iji 

llunVlf.Ta-M 

hu 

l.rop* 

Nri4 

51 


.’>22 

(.hinrvar 5 dim 

311 

f5'«i/r»M*nNi 

X M-hmlii 

l.Ki. 

I••I4C^ 

Nr.4 

sc. in: 

U-.- 

1020 

4.hi.in Ma-iH' 

315 


Omni 

I.H. 

la.l.»«r 

Nr.4 

(n; 

In-.- 

71 

1 .hi)r> 

310 

(^p/ltndtt j/jmrw tittnAir 

IpafW 

in III 

Mf.!i.-.nal 

Nr.4 

(N.? 

Iiulli-rll). la-r 

7P» 

i.lll^KlI.I 

3i: 

OV^<r/>MMT>ia fHi/tain/ntm 


nu 

lilwi 

5rn.a 



ii 2 o 

f.lurihaii 

3IU 


OraJi 

I.H. 

(.iMti. Mull. 

55 5.ia 

(N 


ITT 

4.)Hif4. kaOli Xlimui.l 

310 

tt tfvimtudi'* 

ikinmi 

Pin 5 

Oil 

Mri.a 



ICll 

4.hti|Hf4 :hti|M 

320 

rtlpinum 

VI 4\ Palm 

P5l 51 

\5<i« 

Nr.4 



II.) 

(.inumaia 

.121 

CVrnf)/<ift utile 

VI 4 % Palm 

PM 51 

55 4) 

N.-.4 



;kV» 

i.iiinatiHin 

322 

O'fcaitirWitfu tfifi. 

PuIniKi-art. Palmilo 

P5I 51 

5r)c>-lal>l.* 

Nr.4 



.172 

(.ttnm 

32.1 

huntili* 

iNi.iH Kui 1'ulin 

P5I 51 

HOr 

N Mr 



;lmi 

I .itni|iai> 

321 


Pij!*ei^l 

CHIN 

\..|a*ial>li' 

0 5.ia 



378 

l.latifa'i P.iKuiiilra 

325 

Chen’ipitihim timhensuiiiirt 

V5nnw>tf>ai1, p|ian>lr- 

CHIN 

5l.-.|MilMl 

N.-.4 



. 1 T‘» 

l.laii-riu IViilala 

32r> 

<.hem>pi>iliiiiii niitMhtir 

iJiia 

(.HI.N 

VrxruKIr 

Nr.4 



120*1 

4l..ir 

327 

ClreitofmMJium i^urrHiu 


♦ HIS 

(.rrrul 

Nr.4 



.V7.) 


32K 

lM>m fin mm 

lth<ii|ri.Kra** 

1*05 

lairu^ 

5(ri.-a 

51 

Miml. 

•«)0 

4..H liiiviil 4-ai-lii. 

3W 

OA/ofiifi/lrirrt 

5rnaiiiil).ik 

Molt 5 

TiiiilM-i 

5 In. a 



12.18 


3:M) 

('.hlnnifJitini Inuinria 

FuOir*Mullirin 

Molt 5 

Tannin 

N«4 



1171 

(.JH IHU. Prai'l, T<>in;lt.i 

:wi 

CkrtuinlhemuPi hnl.Mitnitri 

(ai-tmjl) 

COMP 


55 5-iu 

(h;. 51? 

iu-r. t. Ia>- 

.1871 

44H-T.mil 

332 

llhnnanthemum iinemni/tJium 

IS (vihnim 

COMP 

1'ra.lu l.lr 

5lri.-a 

(N„ M f 

liwn-l. lirr 

818 

( 4H-.irilu Palm. JiipU 

^X^ 

Lknutnlhemiim nu-rinrum 

l*rrM4ll lt»»«'l-J3aiarr 

(.OMP 

P«-«lu ).}■■ 

15 5.14 

(n:. 5t ? 

IIW' 1 ' 1 . hrr 

li 2 *l 

(4H iiica 

334 

OrtwHOkfinioM <«>nMrj»nn« 

Ciiflanai l-lirx^Nrillo'iNiH 

• (.OMP 

Xa.jEi'UMr 

5>i4 

IN.. 51 ? 

llnn'l, laa* 

-vn 

laifTril p\a'l-l*al 

335 

f^hnuinlhrmum *patiti»um 

(.nmn l)ai«> 

(-OMP 

Xla'ilu iimI 

luttqar 

IN.. 51 7 

IRara'I. lar 

:p*i 

lailW i.ilirria-u 

310 

Otn*iifih\llum ctuniUi 

Siir Xiifila'. Cainilu 

'•VIM 

Imil 

Nai4 



:vtTy 

C4.l1ra Piipm.u<K 

317 

ChriMifitixllum delermi 

Nfra-iui Sm* X|i|ila- 

"XPO 

5||ll|l|>|r 

5fria-a 



lol 

la^lllNr Nul Palm 

3:111 

dmtrhu* 

1 hilh«(r 1 MHaarlirm 

t\ PM 

hmil 

15 5 MU 



ir.ni 

(aJiiinr Nul Palm 

33*1 

Ciert anelmum 

(jddMn/ii. ClitrlaiH-j 

1 . 1 : 1 . 

5 f|ErUl>lr 

5*14 

51. (N. 

lu-r 

iin 

Caita'hia-uin 

.110 

Ckhfinum • ntitriu 

Kflali)!' 

(.OMP 

5a-ic.-Ul.lr 

Mr.iii 


U-.-. 5|.i> 

223 

la.IlanU 

311 

{'.irhnriuai i<io/uo 

ChiraiD 

(.051P 

lla-irr^i- 

5tr.l.l 


lu-r. 5pii. 

-VVi 

CrkHAIltll 

312 

Cim-fiiMUi f-altMiMt 

l^inini- 

III m 

5|.-.lH’ilul 

Nn4 

oc 

Iwr. iHjIlrrfI). fl> 

.>7o 

<4.kimliianCi>a 

31.1 

Uiru-hiuui loHufiJiti 


III 111 

XltllH'ilMl 

No4 

01 : 

l»*r. iHillrid). n« 

-VTJl 

Caik4 XnifrJri 

311 

fjnt'kitna led/tetiam 

l^tilinr 

HI III 

5lr.iH'nuil 

Nr.4 

(N. 

|«-r. liulIrHl). Hn 

1271 

l4j|«f.H4 

31.) 

(Iim-hiuM fflu inutn 


in ill 

5lnl.aliul 

Nri4 

(H. 

Iu-r. lHJllrrf1a.fi) 

201 

4 4Hn;i^<r)iUi4 

34«i 

I.VinAcmm piSrixenui 

l^Kiiniiir 

m III 

5l.iiHiiul 

Nr.4 

(N. 

Imh-, lHlllrrl1l.f1) 

'ftfi 

(jH)im.i*i Ik-iiii 

317 

0'>rH'A(in«i 

l^minr 

111 III 

5lr.lM-.iul 

Nr.4 

(N. 

Ihh*. iHilIrrfla.fl) 

oil 

launniiiti l-ij: 

3U1 

(km-hima unrrrrtilW) 

lamina* 

HI HI 

5|.-.{M-Iital 

Nr.4 

(n; 

Iu-r. iHilIrrfIt.fl) 

I<Ni8 

1 4Hiim<«i l.uiDa 

310 

f.VnnuMomuoi trriimrrrtram 

Saipwi Cmmimim 

I.U H 

-Sm-.- 

SI 5.ia 

IN. 

ri) 

710 

(aHiuiuai Imlip. 

3.50 

(.VniMMnnmuni Irntmaniiti 

Parl4ii|;-C4»i4 

1.51 II 


SI 5.14 

in: 

lU 

7.11 

I^Hnnwoi lairmlrr 

.3.51 

OVnnamomuot 

Omplair-Tii^ 

1.51 H 

5|.h|h'.d4| 

S K-ia 

IN. 

n» 

tilt. 

(44nm..(i laa-iaii'T 

3.52 

OVniMMonrum iojim 

(aio-ia 

1.51 II 


■<y: 5-ia 

oc 

n» 


(dHnniiai Miim.uMtr 

3 . 5:1 

4.VniHi«ir>miim iwiruMOi 

UaxoM 

1.51 H 

I.MOHr* 

P-,uw 

oc 

11) 

MCI 

1 4H)iniiai 4 Ii4 

351 

I.VniNjmomiini aliim 

(JlikW* Bark 

I.U II 

|..M-n.-r 

5i»o 

01 . 

H) 

I.MPl 

(4HliniM*l Pr-Tnalllklr 

3.35 

f.VniMoicimitnt Uimiilu 

IrxIiaiHlUri 

1 51 II 


S 5.ia 

01 . 

H) 

.V12 

( 'jHiim.ai Prr>mim.Hi 

3.5(1 

tknimmttmum re/um 

Cinniunain 

1.51 H 


S 5»ia 

oc 

H) 

INI 

(aimmnn Hu.- 


Pollinnlion oJ (Mltirate(i i^lants in the Trnpiri i 171 i isl 


\a. 

Sei^nlifir Saute 

Ctmunaa Saime 

family 

lie 

OruciN 

Rreerf. .S>«. 

roRinnlors 

.No. 

CuMUMtfn .Veune 

Xu 

CiUut latSatitftmt 

(.jtlHinnuin 

t;isr 

tjiiiefire 

Meilil 



1244 

Cuiiinuin lliyme 

a.>8 

CUrtifiitA fiMrthtuut 

('.itnifHik 

KITA 

RitniKhM'k 

Africa 



I26li 

Cnimmin Velrh 

a.v» 

tUlmliut (tili>nnthu 

( jiinrynlli 

ClCl 

Metln ttui 

Afrira 

scoc 


'il.l 

Cuiii])usilc aril 


CilmHat fitiulauif 

iiMliiUt S|ui«4i Mrivit 

act 

Vrgrl^Mr 

S A-ia 

sc.ik; 


:w2 

Cniign (liRre 

361 

CiiruUu* iaiwiM 

'A iilrniirifin 

at.i 

Kniil 

Afnca 

sc.. (Ml fC 

bee. Apis 

.314 

0)nt«i(vu(ai'i'a Vaiti 

‘Mii 

tMnu aumnlium/herfiamta 

RrriniiKil 

RLT4 

pasefler 

S A«ia 

Al . -OC 

lire. Apis 

23 

Ccmbii 

363 

Ctirut uufttnliJoiM 

Limr 

HI ( A 

f-ruil 

S A^ia 

Ai .-(k; 

bee. Apis 

412 

i.n|iBilM 

:t(»t 

C.Urtu <iu/<iA/rum 

>nurOnin|«‘ 

Rl TA 

(->»efire 

S Asia 

Al.-OC 

liee. A|H» 

670 

Cupal Nuir 

MiS 

6’i>nu autaiUtam/amarti 

Biller Onu^ 

RIT\ 

P<««en»T 

S Asia 

Ai.-nc 

Apis 

485 

(ji|ial, Ogra. lns«i«ui 

36(» 

Ciinti /cmniiu 

Puininclii 

(UTA 

Piuit 

S Asia 

AI . ~(h: 

tier. Apis 

16.3 

Coipiilla Nul 

;i6T 

Cur«* 

ClimRM-trt 

RITA 

Fruit 

SF, Asia 

Al.-OC 

hre. Apis 

5.31 

Cw|UJRUia 

mi 

Curui lattpTj 

Punincio 

RITA 

Fruit 

SAsia 

AI . -OC 

1^. A,«s 

422 

Ciiriamter 


Citrui limeikt 

Siiprl l.icne 

RITA 

Fruit 

S Asia 

oc. in; 

lire. Apts 

.>4(1 

CitfkwniHl 

370 

Ciifu* 

Ij'flUiil 

in 1 A 

Fruit 

SF: Asia 

,ai.-(m; 

l-v. Apis 

a»:i 

Cum Mini 

371 

Ciiru* mttcrtipli'rii 

lititon 

RITA 

Fruit 

>F; Asia 

Al.-OC 

l«-. A|«s 

1.32:1 

Cum. Mail 

3r2 

6ilniii meiiira 

Ciiron 

lUTA 

Fruit 

SE A«ia 

Al.-OC 

lire. .A(H-> 

245 

Ciimrisg. lari^n 

373 

dint* [MUAuitii 

Orjiterriiit 

RITA 

Fruit 

S Asia 

AI . AC 

tier. Apis 

11167 

Alula Rican (>11418 

374 

Citfu* r«tU uitHn 

M«mUnn 

lU T A 

Fruit 

SAsia 

fRlOC 

1-e. Apis 

:43I 

(Itstnum 

373 

(Mnu- anensit 

Swerl Ortui^ 

HLTA 

Fruit 

S Asia 

Al.AC.PC 

t>e. A|Us 

1I2'> 

OislUs. kutli 

376 

Caru* larhit/ana 

T«i'hilMiiui Olanpr 

RITA 

Fruit 

S Asia 

Al.OC 

lire. Apis 

(s)H 

ijillmi 

377 

Chtfiptrtimia fitifalui 

K<4i«]4>i|i> 

TIN 

Filler 

Aira-a 



6i0 

CcilllMI 

37H 

6Va^i;irf((vuii ptJsantifa 

CLapiier P»lyiuulra 

TIM 

Fiber 

Afiv-a 



(ihO 

C«l1>«ii 

370 

Clatuena Jenitila 

CUuvttii DcriUU 

RITA 

F'niii 

S Asia 



6(>l 

lliltnii 

380 

Cliiujtenti littuium 


HI TA 

F'niil 

S Asia 



(gi2 

Culluii 

381 

CVinfimM perfoliata 

M inter (*un>Une 

I3IRT 

Vr|rrliil»le 

N Anirt 



(g>3 

GiHuii 

382 

Cliltiria Itiuftfitiiii 

Dullrrlli Pe« 

I.KC 

F>t»-ion 

Nesil 

Al.OC 

Uv 

66-4 

OiHon 

.IKl 

t'lilo/iai 

Kim- Clitoris 

CK(; 

Fnro|pe 

\e<il 

AL.OC 

In-e 

tib.’, 

Cnllon 

31kl 

CnidatTiJnii rhinnmaiua 

Chuyn 

Ki ni 

V egrldl4e 

Nnil 



5 

(xiuiilry MiiJlow 

383 

CtMx taut aby Mntnt 

4ik-ImiI^ 

Cl a 

A egHdl4e 

F: Air 



238 

(liw-Tree 

38fj 

(.VvYiRM giaiuJu 

hi Irtiunl. Kunilin 

a a 

Vegrtal4r 

hFl Asia 



1.30.) 

Cnwpea 

3HT 

(IturrJtJM mi/ifru 

Seiiftnt{>e 

POI VC 

Flruumn 

Ne*H 



250 

Cnw slip 

.388 

(mw nur^m 

GhxiiiuI 

PAI M 

Oil. Bev. 

SF: Asm 

SC.0C 

wind. l1>.|jneJlMl.F/mv,Mai'.P 

431 

(siwiree 

.IH*! 

Ctiffm anibitti 

3r4iliH‘ii 1 jilfer 

K1 KI 

Bnenige 

Africa 

Al .( k; 

flv. lire. Apis. Mrli|iolu 

.T3 

Carol. KolHita 

.3>iil 

hmgalrnui 

KefiftJl -41mi)«i8 

Kl Rl 

Bi'irnige 

Afnra 

AL.OC 

n>.tme 

27.) 

Lrubwiiuil. Tarigiuv 

.361 

(uifffa ram-phoru 

Kohu-Od (.nllee 

KIRI 

Beierage 

Africa 

OC 

wiml. bee. Creightuiiella 

4.32 

Craniln' 

302 

O^ra tongriiMt 

Congo Cu4fre 

Kl HI 

Reierogt- 

Africa 

\i.(k; 

f1>, Ime 

1260 

Criinuni Clover 

303 

Cvffrti ettrtMi 

CiiltrH Ksra-lHii 

Kl HI 

Rneruge 

A(ni-a 

Al'y 

fly. luf 

1.53 

Cninkneek Pumpkin 

.304 

Cfiffra hhefica 

Cn4lr4 Ij(iene4 

RLBI 

Beierdgr 

Africa 

(m: 

wiml. fly. las- 

4.38 

Ciiituluna 


imfcraoiiiet 

ColffM Pdgrwmio 

KIRI 

Beirnme 

Afnra 

Al ' 

fly. lire 

-TI5 

Cnnrn Duisv 

.3*46 

Coffen rttcrmtna 

Ifcilrl CnBer 

KIRI 

Reierugr- 

Afnra 

Al ? 

fly. bee 

123 

Cnmmelcli 

307 

tjiiftv Mrn<ip(iv6j 

V4 il.l C..8re 

RIBI 

Beierage 

Africa 

Al? 

flv, l»«e 

056 

Cuujilule 

;V)B 

Gh 4 /wniNO'/cilii 

M>*-« Teat** 

|3(A 

VInItiHr 

SF Asia 

sc:.(m; 

b.s‘> 

.516 

CiH-ulmeca 

.3‘»«) 

Cci6i tuumimua 

.3twii« K4n 

sm;r 

3ut 

Africa 

(h: 

fly. insect 

147 

Cucumlu-r 

4(NI 

tUilti unamtln 

HaiDrmid CoU 

.<rt:R 

Nul 

Africa 

oc 

fly. inseii 

232 

Cinblaiuth AlniMnil 

401 

Cola nilido 

(aluinij KoU 

5rr:R 

Nut 

Africa 

oc 

tlv, insert 

1.57 

Cuiruim I'alnv Tueuinim 

402 

Colo irfikiiliUn 

Okkr K«4u 

>Tf:K 

Sot 

Africa 

(m: 

flv. insert 

5.3.5 

Cuinuru 

403 

(jiitJtirutn iiuutMinale 

(Utichii uoi 

i.ii.i 

Aleilx'iiiol 

F.un^ 



457 

Cuiniit 

W41 

Coleus fianifltuut 

Kulatu 

I.ARI 

To Ion 

SF Asia 



1240 

Ciipiim-u 

4(11 

(UUorasut nfulrnto 

t)<o.hn-fi. I'liro 

ARAC 

lulirr 

AfAs 


flv 

10 

Currh 

UKi 

(kUoeatuta etJantufuorum 

KcIiIik- 

ARAC 

Toller 

Af .As 


fly 

7*W 

Currant Tofnaln 

407 

Catubriaa 

Nnite lluri. M«ul<i 

RIIAM 

Vnlb-iiuil 

Neig 



HT5 

( :u try ' 1 a>af «Tree 

WKl 

ComatifAota ubyttiHuxi 

3liv>«inwn Mvrrh 

Rl Rs 

HeMII 

Africa 



1151 

Curului. Mel<K-ig6ii 

MI'J 

Cnmmiphttru efsthtoru 

0(M>|umiii Cunt 

IUR.S 

Real II 

Africa 



lion 

Cul'FIgg PtunI 

no 

(.aatmipiturti uptAaltamum 

Meii-ij Ml nit 

Rl R^ 

Re.in 

Africa 



122(1 

Dafii 

til 

Cononsrpu* UtwifoltM 

HuMlitH 

COAIK 

Muluple 

Alrii-a 



102.5 

Dahonia 

412 

iUf^Hufrta affuiiuths 

CoimiIm 

\.n. 

Henili 

Africa 



‘mo 

OHllisgfa>r 

413 

Cofutifrru futhvdns 

?e)>elir 

in. 

Tilillvi 

SF Asia 



i;4iNi 

Dairy nifkle Vignu 

(It 

CoptTtwrui ulba 

(jirunilHi 

I'AI.M 

A4o\ 

Ne.a 



4U 

Dumas 

4I.> 

Caperntciit pruniltTtt 

1 jimiuilm V Pnim 

I'ALAI 

VI >u 

Ncig 



ll(« 

Dunitisk Itiwe 

(16 

Lorrhurus Taftsnltm.t 

ftliile Jute 

Till 

Filu^ 

S Asia 

Al 

her 

llHill 

DuniMin Plum 

417 

Conhtuu* iiliUirius 

Tut-Vi Jute 

TIIJ 

Filler 

Af Asia 

Al 

bee 

1220 

Dandelion 

41» 

rdulii 

Jicib Beun. 3r-elj 

UX. 

Alultiple 

Afma 

Al.OC? 

lire? 

4115 

Dusbea-ii, Tan> 

110 

l.iatlta tpi* 

liiurel. Kivjo 

KOR A 

Tiniiirr 

Neia 

s(;(H'. 

bee. fly 

<H7 

Duir Palm 

420 

Cur4%tiae tiusfittiit 

( luhlutiP* Tree 

Asrn 

fuller 

Ausi. 

SC..OC? 

Ime? 

.531 

Dale Mum. Fvuki 

121 

iAtfdtltae fruftfoito 

Ti Pulin 

ASPHO 

Multiple 

S Asia 

scoc? 


I'ai 

Dmilrra-aliinuis 

122 

Cofutmlntm lalirum 

Continder 

l MRF 

S|«iiT 

S Asia 

(h: 

lire, fli 

182 

Desert Date 

42.3 

CoroaJh iwia 

Cl«>*me|i-Ii 

(i:c 

Forage 

F.uni|a‘ 

ik: 

lire. Bombus 

|o:i 

Pestnanlhus A irgatus 

421 

(■af\iuf chinetuu 

Chinear Hiuelnul 

RKll 

Nul 

Asia 

OC 


Pib 

Drsnnsliuin Di»(uf1um 

42.^ 

6orWiu niluma 

Turlixli Iliuel 

Bt:n 

Nul 

n Asia 

(k; 


P)7 

DrsfliisliuR] <>yroidrs 

426 

Oayliu^tt: 

lliinalji>*ui Mrju-I 

Btrrt 

Nul 

Asia 

OC 


500 

OesnimliiiR] OvaliMium 

427 

Citrylus hflerofthyilo 

Sdierun Hurel 

Brri 

Nul 

Asia 

(k: 


1147 

llhuinchii. Juntur 

428 

Cartlu* autttata 

Cittiii I'iltirn 

urn 

Nul 

Asia 

(k: 


5(43 

Ihiur Blueslem 

42*( 

6'i*ri/4M (liwiiru 

f'llirtiin Ho/elmil 

Btn 

Nul 

Asia 

oc 
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Dtr- 

N.-.ri 
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U-r 

.'Wl 

Krniiii^ tniniliil 

<iT5 
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IKI. 

f.tfaiir 

M.-.I.I 
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<»7ii 

Hriiiinihut 

s.inA<n<<-r 

CMXIP 
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Kainraj 
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07 1 
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TW 
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//nrri ht/tiimniMtut 

KmI.I.-. 
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Ml 
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Xl.ilt.'iiul 
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INidtii rt.ju 

CUT 

fmil 

\r.i| 
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kiinii)udi 
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Ihmettttrn ttMitlmrit 

M|urrt4H> 
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MM 
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C|n|rii4n llc^lwnr 
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laMal. 
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Hijmrrhnuti rufn 
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TiHl 
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lai«il<>l|ii>u ltl•l■l■-f 
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7M 
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N.-.ri 
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Till 
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XVI 1 
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no 
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T»T 
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.ii»7 

Irlimanii |jiv.|;ra-« 

Til 

tngit niuh* 
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|rir«.n 


htllinatitm oj CiilUruted Plants in liw Tm/w>t< IT^irial 
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tlomtunn \amr 

tnmdy 


Origin 

Rp«*<'<f. .Syi. 

Pu/lmctlopt 
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hfpi noMn 


I.E 1 ; 

Km«l 

Nrul 
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.3«1 
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htfn ^pfritiLilt* 

itr^l 

i.F<; 

Kruil 
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SC.4M: 

inoni. Iiini 
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la-m|mi uo|( 
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Mi-flMli 


I'intlrr 

SK N»mi 
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ia^llil 
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Inuia hrUnium 

ItHila 

»4)MP 

K«»r«HP 

VN N.la 



HI 

Ia*>apr liaUiifta 
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Iptimoni tu/tMliru 
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774 

Alut (ikan|t Oil 
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htlanti/H hiititnii 
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35 

MlaH4V.l 
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huiu utmU'iiluiui 
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|j.<; 
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Alpica Mwrh 

787 

huuf trnuia 

\urt»« |puf T rpfuti 
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Konif^ 
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47 

MrlryniPla-Pppiipr 

788 

huiu n/i«nn<n«* 

16)cTrp|oi1 

i.m; 

Poraf^ 

Ktini|ip 

SC.4M; 

lirr. HoinUio 
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Mmitirillii 

TW> 

Ijlfftl lU UtllHguJu 

knftlril l.ufla 

Cl Cl 
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S Aoia 

SC.4K: 
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\lm|(kulan|( 

7'I6 
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NiHKilh haifali 

i:u:i 

Miilliplp 

Nlrtca 

OC 

liPT. \y. N|». Tfi|! 
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Mrtilrnic 

:«)i 

tM0U (fW>u/ltf<l 


cl Cl 

Mulhplr 

Nna 

4 1C 

lipp. Xy. A|*. Trgt 

71.3 

Mrrl.au 

7*>2 

iMfMMU tlllut* 

Mhilp lai|Ni«p 

m; 

Kor^' 

NIrii-a 

Al.OC 

iinr 

112 

Mrriawa 

7'W 

tjipmus Mgtul^iu$ 

Blur lajpinr 

i.K<; 

Kur^n' 

Poinifir 

ni.4h: 

lirr 
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MpmIUIIp 

7'H 

iMfunm tuteui 

3r1ln«t l.iipiH)' 

I.CC 
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p4ini|ip 

A1.4H: 

lirr 
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74.3 

iMfHJim mu/nMi* 
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lilC 
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IINI3 
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7*. 

Ijifuniu Irrmu 

tt hilp taifMiw 
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Mijai. 
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/.iri4im •At'M’nw’ 
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7W 

/.laiipf’rtM’iM rmuUiUum 

Tiwntillr 

Mli.N 

P'mil 

NpiH 

Al .ih:,4k;’ 

lir<r, Boinlut^ pAtinwkipi.i» 

312 

MiraM. S4.> 

74*4 

/. fHinfiinfili/iJium 

(.uminl Ttunatu 

SOU 

Pruit 

Niiil 

A1.4K; 

Iwv. Baimlitr*. Kv>mal«|i«ii 

1234 

Minirlr*Krui( 

WK) 

lAgrutn iftarluin 


hiN 

Pilirr 

Africa 



831 

Mi>lap*p« 4>rwM> 

801 

Vufiidttmui inlrgrtfidi^ 

Maa'uilaniia 

l*R4)T 

Nui 

Au.l 

SC.<K. 

l(PP. Tn|C. A(i. lirptir. ua«f> 

116 

Miuiki*t Jiu'k 


176 


Copyrighted material 


%». 

.Srw>nf^ir \atn^ 

i'.ommnn 

fVimi/v 

r». 

Oricin 

Arrnd. Sya. 

P»UiN<i6>nii 


CiMnmnn .Numr 

Hiri 

Uih ttti»mia letrtiph^lUi 

Mac ailoniiti 

IWU 

N«i( 

kll.l 

H.JM. 

l»rr-. (nil. kj*. la-rtlr. i*a.|i 

75ii 

kliaiKri PiU. Srfjiui a)4 


Vtu ntfufifr eirrtmm 

kdwdka«>a 

I1PK 

KwiMr 

kiKi 



7.58 

Mimli-i-P.it 

8lM 

Vw-nrft/umrj tilftiparfxutra 

Siralfti 

i>;(; 

I'.iracr* 

kfh.a 

kl ? 


Hli7 

ki.-a 

8T».l 

Vnrniihltimu frttinq>um 

8itiiii. kdfiili'la 

i>;(; 

k rcrtaldr 

kin. a 

kt? 


115 

kliaatii; 

Hiir> 

ViM-rnhltm/i uniflnmm 

Honir <>r4in 

i>:(. 

k r|:i.ta)4r 

> k-ia 

kl> 


}i:ui 

M.*i.lii- 

an 

UuJhuttt ituifiifiiita 

Mdliuj 

>M'ii 

IM 

N k*ia 



1i:ni 

M.aiila 

am 

Vinim tttoin 

4hl*nMiii 

(OMP 

(hi 

•* krnrr 



I2«« 

kliuh Bran 

ac) 

rmuiu 

MuMil 

KlUM 

TmilH-r 

kin. a 



2HI 

kliaiiiiiiiii Pa(ui«a 

Hln 

hfti raptlala 

Bhjnl>lir-mli 

MM.\ 

lila^ 

S k-ia 



i;ii6 

klininiMiii I'liini 

»li 

ValfHfhut tiuAiri/iiliu 

\l-rnilu 

xi\ir 

Iniil 

\r.U 

si.im; 

l-r. la-iuri. 

I2.53 

klurimla 

»I2 

Viilut (UimUo 


K(P*X 

(mil 

Mr.lit 

-klKSI.IM 

brr. kfii. 

.kill 

klmiUiwi 

8H 

Vcj/iM t\brjlru 


K(»s\ 

( mil 

Mnlll 

-k(KS<;.(K. 

Ur. kpi. 

r>l 

Mu-Oil. Tirr 


Miimmrii amrrvwitt 


(.1 rr 

(mil 

Nr»a 

o(;» 

I-1-. ImI' 

III 

k||j|0«"8 

8I.> 

Utinfitfrnl riifiM 

Mallei 

\\\*: 

(mil 

N k-ia 

o(;.M. 

(li 

212 

Muhiilui <hl 



Malic.. 

XNX(. 

(mu 

> k»ia 

OC. H. 

Hi 

8 

kluica 

»I7 

Vnnift/rrn inJu-a 

Malic.. 

\M(. 

(mil 

k.ia 

*k(;.o(, 

(ti. Ui*. lull. (VmiM. 

i;iii;) 

kliinc Ih-iiii 

81H 

Vanfi/fm otiurTtfa 

kmiiti 

\NV. 

(mil 

k.ia 

kl .IM. 

(li 

1.5.5 

Mumitini Palm 

»l>> 


Maiic" 

xnm: 

(mil 

** k.ia 

kt.iM. 

(li 

1.11 1 

Mum ailinr lara|— 

K2f» 

Vunit uriu ititri/irfti 

>lr«-sr Palm 

IHI.M 

(hi 

NnU 



»ct 

Muii/i 

K2I 

Vamhitt liuholnaw 

ManiKilH KitiJirr. Jr<|iiir 

Kl PH 

Kr>ltl 

\r«a 

I«. 


.1 

Mu.k Okm 

«22 

Vtinihil rvuirnia 

LcMata. 5iM'a 

I I PH 

(.mep 

\n.a 

0(. 


1.12.5 

Miii|iit. Ja|ui— M* Oiticrr 

R2.1 

Vimhiu /i{«sifiui 

Maui, .ilui 

H PH 

KU>i..ntrr 

\r<a 

0(. 


881 

Mii>|iiiniBi 

821 

Vrjm'A<4 tfifi. 

(aikwita 

Kl PH 

Mlllli(Jr 

Nna 

0(. 


1228 

Mindiulain 

K25 

Vonitlutta itfhras 

Manitkara ai luak 

>\1*U 

(mil 

Nr«a 

x;.(h: 


8<>2 

MytlU 

K>r» 

VunJkam tudenUzhi 

Kalala 

SMhi 

i:ia.|..mrr 

\r.4 

s:.im: 


2.16 

Naiii-. Miirii i 

«2T 

Vanitkarn rhtrlr 

(ihiot/a|Mi<r 

SMK 

(;ta-l..im'r 

Nr»4 



282 

N.uaiuiia 

82)1 

VttnilktKi flula 

Makkaranitulu 


Kla.I.intrr 

NnU 

s<:.<M. 


1173 

Narnnjiila. lulu 

K2‘> 

Mnnilkn/n inutifinla 

Tnir Balulu 

>\Pii 

CU^I..m.r 

\r«a 

s<:.(M, 

1— 

lllTi 

Nafiiii)il<i 

83<» 

Manilkatn 

Chirlf. ^^k|W-t1» 

?.\Pi) 

KUi>l..irvr 

\.sa 

S4.,(M. 


28 

Nata» 

R'l] 

Vrjf>i/i(>t rtnimiiiMmt 

\rTmtnii4. 

MMH 

Man li 

\r»a 

nc 


172 

Naniiii 1 iraM 

KiU 

Viirfnriina hufifftin 

SartH Miif|<aani 

1 Kill 

Sf.M-r 

M.-.I.I 



27 

N,iM<UI 

tm 

Uitffnrnntt ntiUrt 

P'M Maji.ram 

l.\BI 

>fli.V 

M.-.IU 



.Vtti 

Nanimiraf Pr^ii— rmiiil 

a^i 

VrJ/t.«ta rvrrfaut 

(Jhu|i*-(,hu|>a 

BOMB 

('mil 

N«.«C 



7h: 

NarnntWI (rrinil 

av> 

Vttlm-wifi ilumumulU 

IM rhani.Hitili* 

COMI' 

(>.a-l»'r 

k.ia 



7(»7 

Natal Imiicn 

av> 

VtiuntM unifrra 

M..ri4l>r 

PXI.M 

Mim. 

\i-i4 



288 

Natal-Palm 

8:it 

Vatimtbana manpa 

Manila 

PVI.M 

Oil 

\«a 

s;.<M;r 

lir- 

1168 

Nainr- CoqiUiil 

ai8 

Vujii*i(/i<i<io rr^rw 

(>H'iinla Palm. JuciU 

PkI.M 

Od 

Noa 



121 

Nmn 

av> 

Vniu^go anlmtt 

>}«illml Burr Mnlw- 

I-KI. 

Cnnaim 

Vk k.ia 

kl .(M. 

l-r. k(H. 

'Hi 

Ni-jul (.unlantiiiti 

8U» 

Mftiuytfpi ftilraiti 

Nckl.- Mwlii 

I.K(. 

I'.irucr 

VI k.ia 

kl .(m: 

I-. k,K. 

•PPI 

Nr« A-alaml ( lax 

8tl 

Vniu-aft> lu/mUrm 

BU'k \M» 

iKi; 

('.■nicr 

Vk k.ia 

kl .IN. 

Iw—. k|>». 

1212 

Nru /ralaml Spinarh 

8(2 

Vftiu »f!o iifhuiitan* 

Bllll.ai Mrtll.' 

l.Ki; 

(orac^ 

Vk k.ia 

kl .IN. 

1—. k(a. 

817 

NioiiuliOil 

8(3 

tnlua 

MUlla 

IKI. 

(oracr 

\k k.ia 

ki.iN, 

1— r. Vania. Mrcai hllr 

671 

Nipi'f-S-nl 

HM 

Mniifttfpi « ulrlltUfi 

'.tuil Mr.ll. 

i.Ki; 

(iiracr 

Vk k.ia 

kl.lN. 

lai-. k,H. 

12116 

Niterrian l.m-nir 

8(5 

Vrittlrura nllfrnifitlM 

IVa T rm* 

MV III 

(>-rmr 

ki»M 

i«;? 

ImI. Plrmfili. 

17.5 

Nim Tn— 

846 

Vriitieuftt rnfttpuU 

( 4i)r|Hil. < •rluni 

MV 11 1' 

klr.iNiiial 

sc k.ia 

DC? 

Iwl. Pimiiu. 

6|6 

Nipti Palm 

KC 

Vfiuirurit itruiUlttrrt 

NiiumliOil 

MVIIT 

K-^mr 

llrrania 

DC' 

lul. hrniiu. 

187 

Nua 

8(8 

VritriMtn byuffi 

Spani'h Ijiw. Maimiii 

*.\PI 

(mil 

Nr.4 




Niii)>ra-i 

8(0 

VrJil'tlut tilba 

Ullilr 

i.Ki; 

(i.rap* 

Ki.ni- 

'm:.in. 

1— «■. Iliinitiu.. ktilhi<lium.Mc]i 

»I7 

Nutinre 

ai» 

Vritloiut uitiM a 

Indian >«rr(rlmrr 

l-Ki. 

(oracr 

Kur-k. 

SI ..IN. 

lirr. k|M.. KiiiiiIhi. 

I2i>8 

OI-.I- 

851 

V«Vrni> muyui^ara 

M.iUkkrk (ira«* 

IIIK 

IVMii Ilk. 

Sria 



•m 

IKa 

a52 

Vriiwtt i^u malii 

Sv.r«.| Halm 

I.MH 

K-.-mr 

kl.Hil 



‘M-5 

IKiUrii. Sai»M(ra* (hi 

853 

Vrfitktt nrrvfuii 

(ami Mini 

1 Mil 

(>M-l>rr 

M...lii 



621 

1 hrfUH-arpii-. Mii|a>rii 

a>( 

rttrduira 

N-iCrh *.)warTmnl 

1 Mil 

K.*rr«'r 

Mrfl.l 

s<;? 

(li.l-r? 

»«> 

Ihl-Braii rrxr 

a>5 

Umiha pulegtnm 

kumpraii IVnninnal 

I.MH 

(>^n.r 

Mnlil 

SCf 

nv.Ur? 

»n 

OiKmudi 

av> 

Vrnihil iplral4l 

'^(M-dniiinl 

1 Mil 

i;...a-m-r 

Mr.lil 

mi;mm; 

fli.l-r. kpi. 

775 

OilK-ii-a ( hi 

857 

Vniihzt \ fCfttsUi* 

ViMi h '■|■•amllnl 

1 Mil 

]>Mmr 

klnlll 

-SC' 

Ili.l-r? 

168 

■ 8.III 

858 

XlmthJt ( [HfiftiiH 

iV|i|irmii ni 

1 kill 

Ks^rrirr 

Mnlll 

si:? 

n>.i-r 

|65 

I8iiuni^. (lolwuin 

HS'i 

Ufinntbm i/tfK 

Sapii Palm 

PM.M 

Stan li. KiU 

SC k.ia 

oc 

1— I'llr, l—r, k|ii.. Triciaia 

1 

(8ra 

a>n 

Uittrifiilrri mimf 

llitrnircw 

K PM 

llrMii 

Nr.a 



*»21 

Oliii- 

a>i 

Vurm iintf Ji/ift. 

\u>lnilian VI ild Ijrm** 

m Tk 

(’mil 

kuU 



.T»l 

Oliii'f'* Ro/k 

a>2 

Vtrahili* rtftnnMt 

Mauka 

\V(.T 

TuVf 

Nma 



76 

(hlHHI 

at.3 

VamtifJu-ti hiliaimnti 

BulNini‘A|i(>lr 

ua 

(mil 

S k.ia 

oc. h; 

1— r. 1— r<U‘ 

H>n 

0|-|- 

861 

Vtimtftinti ihiitiinUfi 

BMikjini'IVar 

i.lU 

kr|(r|al>lr 

S k.ia 

oc. PC 

l—r. 1— rth‘ 

6,5.1 

Optiitn Pnppi 

aL> 

Vtintutum myruiuyi 

Jaimi. a Nitinirc 

kwo 

Sfli4T 

ft kfr 




0|m|uiui\ (iuni 

ai(> 

Vom^rmt lUtrH 

laku 

IKI. 

Oil 

Noa 



II 

Oiancrftalllr 

867 

yioTii ntrisa 

M..ra 

IKI. 

Tiiiiliri 

Nma 




1 hrcaitii 

atu 

ainffdiu 

liiilian MiillirrT> 

HI ill 

Ikr 

SK k.ia 



2*»l 

OriMivHi Nul. (oM-ay 

a/) 

Viiniiga •deifertt 

Brtii.il Tivr. Muruitcai 

I.KI. 

Oil. Miill. 

S k.ia 



T2I 

Orio Itoil 

870 

l/omt aifMi 

VUiilr Muil>rrT> 

MORk 

klulli|.lr 

S k.ia 

pi:? 


.518 

(halirilr liiuMrlinTX 

871 

Utirui ttutfaU* 

ChiiM-w Miilla'rrv 

MOlIk 

1 mil 

S k.ia 

11. 


limi 

I hallr-ilr 1 aaiu'l— fTX 

872 

IforMi nigrti 

Bid. k Mulirrm 

MORk 

(mil 

S k.ia 

h.? 


l|6| 

(hialuin 

873 

(/u< unii lir^nnginnti 

\rUrila-ail 

I.H. 

(«mip* 

S(; k.ia 

in:? 

lul. PlrniHj.. Nan. Mr|u 

11.10 

1 hiiii <iun 

871 

VutuHit ftrurirM 

llmical Brail 

I.H. 

Koracr 

SK k.ia 

in:? 

lul. IVniKL. Nan. Mrc-i 

«C 

(h»r K«>U 

875 

Vuittnri kiAwnigti 

(Jum-lr-al'l'rrr 

Kl Tk 

kliilliplr 

S k.u 



1223 

Oy»trr Nui 

876 

UlLMI W U/nJ/MlM 

l>Haif Haiiana 

kllNk 

(mil 

>K k.ia 

ii:.in; 

lul.CiiH>|i|rmv Mrii 

in'll 

Pariin 

877 

l/uMi Mhuiarui 

lllllllUW 

kll -k 

(lUII 

S( k.ia 

Ii;.(k; 

lul. b«nl 

XVI 

l*aiUn|t‘l UMua 

878 

UuMt ffhi 

Banaiu 

kll Sk 

(mil 

0.r« 

pi:.ik; 

lul. lani 

712 

I’akay 

876 

UuM trsblU 

\lk»ia 

MISk 

KII-t 

SK k.u 

ri;.iH; 

lul. Uni 

■Vki 

I’aki'luri K|i(ui{ra 

Rai 

VuMtngu <n niftwidn 

1 iidHrlla 1'r<-r 

cKiii: 

Tilltllrl 

klriiii 



.571 

Pal MM 

KKI 

V^ufttum at uminaium 

MMifamini 

MV hi 

Kfini.ill 

kii.| 



1122 

Palma Kllr 

KR2 

Vinmno ,yiul,Jl,>f» 

ialH4H'4tl>a 

MV H T 

(mil 

N.-,a 


l—r. Mrli|Maiiriiii*' 

.122 

Palml—art. PalmiKi 

8a3 

\t>rruiha •iubiii 

(auiiud;4mu 

MV HT 

(mil 

Via 


Ui-. Mrli|Haia. S-aplolriipirw 

6<U 

Palmhi-art. Palniiln 

au 

Ut rt< u rrriffm 

(kat Mvillr. KavlHm> 

MV n r 

Vk.u 

SnU 



•>22 

Palmilii 

at5 

\t^n^lun tirgrnliHt 

Pajiiian Niilmrc 

MVIIT 

Sfmr 

Pu|WII 

<h: 

imUli. fly?. Iirrllr.' 

2<l» 

PaliiiiruPalni 

Ha> 

Utmtuti ttiffJinienut 

BtivWin 

MV III 


NnU 

ik; 

iiniili. fly?, l—llr? 

2*0 

ParuniH Hal Palin 

HH7 

Wmirioj fmgfun* 

Nil Imre 

MV III 

Sfwr 

>K k.M 

IH. 

imilli, fly?. 1— rllr.' 

27»> 

Pafuia 

KKK 

^t^r•»ylrpu* fnmdimi* 

(ialw^uia (hi 

KKI. 

K>^mr 

Snri 



ill 

Pa|— r Mull— iTx 


tfiniii6an Itaitamum 

T.ilu Ralkam 

KKI. 

KrMM 

Snri 



885 

l‘a|Mian Niilmrc 

am 

Wmm/<w hjprmror 

Prru nalkUiTi 

KKI. 

l{.•.ih 

SnU 



178 

Papim. 


f*tiUinalion of (luhirotetl Hom.t in ttu‘ Tnipivs nri| 


>o. 

Srimlifir 


fnmiiy 

f *r 

Onrrii. 

Hrrrd, Sy*. 

PoMiniiiitn 

V»*. 

CoRMNon .Nnmr 

(Pll 

iliTThu •wh’ftUil 

l^nlrii Ml trh 

1 MHP 

Mulli|.l^ 

Ahj 



inn 

PaniC.tr.. 

KVi 

l/irful <ttmmuni> 

\lwtk 

\miT 

S‘*‘r 

Mrtlil 



210 

Pdnl lirdMi 

tPtt 

Xii.i/urliHrr/ tiflirinaie 


CKIC 

A ••lerlctiilr 

L.lini|N' 



ii»i 

I'dra iluNn'r 

a«M 

tlitimrhii 


III III 

Timl*-* 

AfniH 




Paraiciidy Palm. Alm uia 


nmifrni 


M \IP 

rtfUf 

s A.im 



‘*1H 

I'dinirritirij Lrhtli. 

iMi 

\ntglfizt<ti ui rnnef^Ua 

Muiinilx'iiu 

niioM 

hlx-r 

Nmil 



1270 

PdfiquH lUir 

m: 

\ephriium rnApitiaium^irtuium 

liirloni: 

"NPl 

Fmii 

>K Ana 

X..4H.? 

Ini'. Tripma. tl>. **»)>? 

‘XiU 

Pdr«iiip 




s\n 

Kruil 

SK A»w 

x;<M. 

Iirf. TrifoTM. lU. ua*]> 

‘na 

Pai*ndi Irvil 

jpfj 

A« 7 >A</<Kn> liirtii 

l.ii(-lii 

S\I1 

Lruii 

sL A»iii 


lm>. A|h». Triftniid. Hr. Ma»|i 

721 

Pdldu4 

■KNt 


l.on|uiii 

'VPI 

^ruil 

sL Anil 

sc. DC 

l» 1 '. Aptn. rnpHId. ill. 

iim 

Pdlrhciuli 

'Jill 

luiiiiutuiAiwtiuuiniu 

Miitii km tiihii 

S\Pf 

Kivil 

>!■- Ana 

sc. DC 

Imr. \|N*, Ttipdla. I1|i. sa-|i 

1 HI 

Pau |wu 

•Jil2 

\rfMium mti/oWi- 

I'lll4<illl 

MM 


>K Anil 


)irs‘. Aftk. friimnd. 111 . sii»p 

lien 

Pr^ 

'AKt 

\rfiiirUnm rttml»tlun-nkf 

PiiUs»n 

MM 

hiuil 

SL Ana 


lin-. A|ho. Tniniaid. fly. wii*p 

lOfkl 

Prwh 

'N>l 

\rfituni<i ••irnitnt 

IjijuIu 

1 . 1 : 1 ; 

V<-VH|«ii|r 

>K Ann 



180 

Prm li Palm. IVjiluir 

«>lki 

\mifuiua rjuJmi 

I'mitiwi 

•HJl 1 

Mulliplr 

\lTll 

Ai ,ik: 

Ini'. liifrL' 

1.10 

Praniri. Alain 


\Hvirajjun Mi<ir4i/<‘n« 

\uMr 4 l 14 n ToJim'i'ii 

HM..N 

Aluhipir 

AUkI 

Al . IK.' 

Iwn. ItirU' 

lOKI 

IV«r 

‘JOT 

\toi(j>jni( /(rhuntm 

TiiIhU'I’W 

>oi.\ 

Mtihipl*- 

\«.i 

Ai.m; 

lin'. binl 

IIJK.> 

iVar 

•JlIH 


lllmi Cumin 

IINM 

s,m r 

M Ana 



10157 

Prvtr 

'Hft 

IcifMr/riT rmiirmUifrTU 

OM-huwol ChUcUL' 

«: \(;r 

!>>«■. Kruil 

Nml 



‘«Bl> 

IVaH AIiIIh 

910 

\tfMt/natntiu 

Si|ig Pdim 

PUVl 

Muhipk' 

sL A»m 

ih: 

f1i 

2'W 

Prr-mi 

91 f 

Itrh/i’tna fi\r4iiviitaii’ 

(Ul>4 

lUiMII 

Tiinlirr 

Via 

(N. 

lul. Ia.rn. lrti. 

‘IKA 

IVr»imb*mu llulvracrdr 

912 

Ikimuin hntiluum 

K4-il 

l.\RI 

L^f 

s Aoui 

Si:.iM. 

Imi-. Api. 

1170 

PiliilH. iKik-r 

911 

i*rimui>n ktiimniuiifhuru um 

H«nn B.lmI 

I.NKI 

MnlirirUil 

Afni'3 

si:?.tK'. 

I- 1 -. A,.i. 

htio 

Pr|^e-r 

9M 

i*i imum 

ll<.K HjmI 

i Utf 

M.-L. !N|m r 

•s Ann 


Im,-. A,.i. 

1017 

I’r^iper 

91-i 

itfuttv pfrittuti 

Oi-mr4i. NuK^lriukOil 

lAl II 


Nriil 



lOlll 

Pr-IH-f 

9|(> 

OruTisi rtmiutei 

t>rr*-nlwiui 

l.k(. 

fimlwr 

Nrfil 



H)|9 

Prinmr 

9i: 

iiimiTfriinM 

BiiiuaiiK 

ovn 

Timlvr 

SL An .1 



11122 


91H 

thnn'ilhf futttnuxt 

alif I>tiifKM>rt 

IMIIK 

ArffH4l.t.- 

s| Ana 



ILL1 

IV|»|ier fnir 

9|9 

(irffm iirpiu knntiHi 

(UhiJm 

PMM 

Dll 

\mt 



1LM5 

|V|>|vimin( 

«>2il 

Ormtrtujmi litiiu hu* 

Iriiu4 

PALM 

Dll 

\ml 



2**7 

Pri|uia 

921 

OcrMM <rr/<«> ifMi/Nmi 

l*riiiM'uqKi-< Vlu|Hic{i 

PVI.M 

DU 

Nnil 



‘«5» 

Prrnil 

922 

Oriho'iHjwi mifua 

I'lilniilo 

PALM 

A iurtalilr 

Null 



1 

IVimnial Iti.Unii Hemp 

‘>21 

iMrtt riu*>ftartt 


OI.L1 

Dll 

Mnlil 

a<;.(k: 

Miml. lirr. A|tik 

OLA 

Prrmnial Sin Ivan 

‘>2» 

(hiaitruhu ttru$r/i)tui 


LLG 

h>ra^ 

Mnlll 


lim-. B<i*iUm.. A|h« 

‘«H> 

Prrilbl 

‘*2*1 

(tpuMM firm-HuhrH 

IVitili Prat 

CAtT 

Lruit 

\ml 

Ai;7.i*C 

lire 

.11 1>) 

PrriMinklr 

«>20 

<viAufi>* 

i^ikurm Nut Palm 

PALM 

IHI 

Non 



I2T>1 

iVrndn Chiirr 

‘>2: 

imtrliona 

BmIuI'MI 

PALM 

IHl 

\ml 



:tn 

Prn-iJtii Innii'LlniKrr 

92» 

Orl»f»n« nin/rrii 


PAI M 

DU 

V 11 I 



72'* 

IVrsidit Matniil 

‘J2** 

i*rix>«iuJn tulfiurr 

Orrfuim 

LAill 

s,.,... 

Alcilll 



ILX* 

IViu HaUum 

91i» 

thnahiifmf 

S-iniJrlla 

n:i; 

L»T4)U- 

Mtilii 



t17 

IVnman l.dmit 

‘W 

r*r>^ini/iA>in rtnMtUnt 

Kunn" Kui-liinit 

1 All! 

sL A»irt 

ALA* 



11.11 

IVruiian Mu.«iic 

912 

th\za giattrminu 

AfrM-iiii Kwv 

IHIA 

l4*n-j| 

Aim'd 

U.(M. 

niml. I.TT- 

«JIL> 

IVniiMn Tiilim'r'ri 

9M 

lh^M utliiv 

Bh-.- 

IXJA 

l4'n*4l 

S A»ij 

m.ik: 

wiihI. lu.p ? 

I.AO 

PrlriiUiunl 

911 

i*to/u ini>maa 

f*ra 

l>\AI 

PulirT 

Nml 



ijii7 

Midiu 

9Vi 

huhinnuiiuUu^t 

4Jit-**nuli4 \inrrtt .i 

IMiMIt 

SrnI 

Vnl 

<K.r 

liMl. inirilt 

IIN 12 

Mnllaiilbu. IVlt'hrT 

9«. 


4hi|kj 


Tulimr 

SrnI 

s(;.tK:? 

Imr? 

72:1 

l*hikir Sul 


/'wAirAuui rruMu 

1 nri Kraii 

u:i; 

TuIwy 

Snrt 

sc. ik:? 

Ime? 

Till) 

PiAiMilid Pdim 

•m 

l‘utk\thuux lubi-ttHu* 

Jh4IBJ 

L»;i; 

Tulirt. hte. 

Srnt 

SC.Dt' 

iTf? 

2W 

Pi)Crmifva 

‘W9 

hilfttiuiitm KHlM 

iiulla-Prnhii 

''Ahi 

LUMinwr 

sL A*in 



;i2i 

Pi|n*rr>l 

910 

1‘atiitfuium latnunum 

I'uUu IJaninuir iKinil 

^A1•^I 

LlwJintM-r 

SL Ana 



2V> 

IMi Sm 

‘Ml 

Panttt /lintenf! 

GittM'iu 

ARAL 

Mriliiiiul 

L A»ia 

Al.X 

I»i- 

2(i0 

Pili Sul 

912 

filluUimt* <J/l(/c»lr«l<NriUMI/N 

Srr».|Nf»i- 

PAMi 

Lniil 

s|. A*in 

IM. 

viiiul. irwi'iy 

2nl 

Pill Sill 

911 

tiiwielttiruri 

N'fiT^-Pn**' 

I'AMJ 

»ilmr 

Alrii'd 

(K.' 

viiiMl. iiMerl? 

271 

I’inirllti hirii 

9H 

l‘imtiatui.* hftalh'lii 

So-ii-PitM- 

PAMI 

lruit 

SL Ana 


wimL ■nxi ll' 

11)11 

Plilienlii. AlUpicr 

9r> 

Puniiuntf fidttrritihumuk 

Srrr-M-Piiw- 

PAMi 


s|. A»in 

<N.' 

Wliwl, iRMN-l? 

Il)t> 

Pi«li*«|i|.lr. PijAj 

916 

Panriania 

Nti- 14 -INrtf 

PAMi 

I’.ivwr 

SL A*ia 

OC? 

wiikI. inrecl? 

2*11 

Pi(|ui Brdia 

917 

P>i>ti/>yn(»i tpttnUA 

Sf*n-Plf»r 

PAM) 

LwiP'r 

SL Alia 

IK.? 

wiml. inns tr 

102 : 

Pi«lau-kiii Sul 

‘>m 

PtiiuUiiias uhtu* 

N-fru-INttr 

PAM) 

lilirf 

Alrii'd 

<«:? 

wiihl, inm t.' 

fi‘*2 

Piljia N.^ 

919 

Pan/[ium etlulf 

Ikiuh Kriildk 

H.Ai: 

Ar-p^JUr 

SL A‘ia 

i«; 


.VJ-A 

I'lltaiiJM 

9VI 

f*«rtjrwiF» mthurrum 

Mill*-! 

PilA 

l.:*^'ul 

An \l 

Al.iK: 

«iiul. Irrc 

I0.V* 

Plum 

911 

Piinii um mntiurrn*r 

Ijlllr Milirt 

IHIA 

Crfmi 

S Ana 

Al .IK-.' 

ftliaL iH-r* ? 

l‘Hi 

P.I. ii.a.' 

912 

Ptiftarrr hnu liHiiiimi 

SrarlH 

PAPA 

Alnlintuil 

s A Mil 

Al.iK.r 

lire 

UN)7 

P.Jir 

<m 

Pn{>aiir umnifrntm 

0|NUm |S>|<|n 

PAPA 

Ali^licinal 

< 1 : A-ia 

Al.oc? 

Ime 

1014) 

P.U|i«<'>a> Kuinpluaiu 

911 

tfijK 

U liik* >rru>j 

IHPf 

TmiUf 

sL A*m 



IINLI 

Pnni.'^aildlr 


/‘<rMui lufiiiihiuii 

%frii-4n Uruii 

LKG 

Ikl. S^urr 

M Aff 

01 .? 

hot. LiUnlim. lirr. hrrilr 

1212 

Pimif-rai' 

91(> 

Patnt^nJwtrt ttcukrtiti 

CiMjililll' 

IlHA 

Lruit 

Sml 



an 

P.a Mapiram 

9S7 

PttrmfMH'rtt irri/rta 

( Itimllrtm- 

ii|(;n 

lumitr 

SmI 



1172 

P.dabi 

9111 

/*rrn»M’f»Ji«Tr» rjulit 

Pjrmfnlirr.i FwaUiU-* 

KIGN 

lruit 

Smi 



11:0 

I'rdilln 

■*.v> 

Paflhfnium artirnlaiunt 

(jtimulr 

LOAIP 

Lla»l(irru-r 

Sent 

oc 

llt*rrt. lirr. A|d* 

127 

I'i4iil<> Hrunn 

‘Jr lit 

rliloiittum 


M)A 

Lur.ijn- 

S«4 

AC 



PrU LK IVar 

■Mil 

l\tAuth>nt ntrnUti 

Murmiiiti 

PAS1 

Lfuii 

Sent 

IH. 

Iny. \>lmn|ui. «n.|>, Innl 

IHj 

Miiu'.ii-Lraihrr 

‘Jii2 

Ptuit/htm rintttimtJO 

lA ill! PanMoii I'ruil 

PAM 

Liuii 

Smt 

IK. 

Imr. XyWkipa. wai>|). binl 

2I‘J 

PriMililiM 

■JiVl 


►run 

PA>' 

Iti'ifrjfti' 

Snit 

oc 

ime. \>iiian|Mi. IrinI 

I0.ll 

Piu«ipi. Pallida 

9(>| 

/'<Mi///<ATu laun/nlia 

H iiUY |j-(iKin 

PA.M 

Lniil 

Snd 

oc 

(ire. XyliMnfW. ua«p. bull 

'Hr2 

IVUmii 

‘Km 

/Vift/IrMn hfitilarii 

Sir «1 i>niiu)lilU 

PAM 


Sn4 

ik: 

Imr. XyiiHnpa. sa*p. binl 

«ii« 

PuldNIII 

'JljT. 

Pnwiflittti 

IliiiMiM f ruil 

PA.-i-i 

Lniil 

Srid 

IH. 

lire. XibirnfiH. »H.p. binl 

‘Kill 

IVIau iVinitiidr IWal 

•K.7 

PitAt^ltra rfuiuifUHjciJttnt 

GiiWi* 4>4ihwlilU 

PASS 

Lniil 

Snit 

ik: 

lirr, \>b)>n|>d. niikp. binl 

.AT 

IVIrpir 

‘JTiK 

PlMltUU-il MlitKI 

l’ur«nip 

1 AiilL 

Tulmr 

Luni|)e 

IH. 

irtM*. t. lirr 

;uiri 

iHjnimrlu 


Pitullmni rufMitui 

ifU«raiM 

SAPI 

Ill*l<‘l4^«- 

Snil 

x:.<K. 

IwT. Mrli|Mma 


(‘uiiimrlii 

'J7» 

{‘itulliitM M<ri« 

Nm.. 

SAPI 

Ili-»rr4j:r 

Slid 

X..DC 

(irr. M.-li|nria 

.168 

(Nininirlu 

'*71 

PifuiiHi nM iiuiNViriMg 

kiri 

x;ko 

Tiiniiii>r 

Ana 



11 : 

INiniw 

972 

Pmrmt Irerii 

i^llu >uihH 

SAIH> 

Llm-lmni'r 

si; AkU 



m 

ISir|nM|r r.mlnn 

‘*71 

/Vx<i/iu*>i hanmila 

H^niulii Slinih 

/A(;(» 

MniHilkil 

Miilii 



•Aiki 

ISiqAr L»\al<ilr 

971 

Priltinihux jMKunfi 

Cdnrlilb 

LI PH 


Meii... 



12») 

(VqU.- Aiti'h 

97.*> 

ntfultitum \ rniietu 

(icmiiuni 

i;lra 

Oil 

Africa 



977 

(NjifUrhrarl 

‘>7»j 

/V/u/ifriiruiMi grvi'nJrru 


4.LKA 

K.«mrr 

Africa 



ai2 

IS rrlliniin 

977 

i’rilitgMtr purpurra 

Puqilfkcatl 

li:i. 

Timber 

Siiil 



nil 

l^irbrdi’hii 

978 

Pehtiftltvfum in^nux 

1 rlliiw Klwiw 

Lii; 

Mulli|i[i- 

>L Aim 



trr7 

Vwinrr 

979 

Prfittitrlum tittmiraiiturn 

kiLmii <ir4M 

h)A 

Liir^r 

Afnr-a 

sc. IK. 

inm-t. liri*y 

112 

(.kiiniiv 


ITH 


Copyrighted material 



•Vi.. 

Srirnlifir Nfinw- 


firJMift' 

t»r 


ftrrrd. Syt. 

Pitllinntttn 

,N». 

?.<j«wNon Nninr 

‘iWJ 

f\nnsfr 1 um 

Pciir] Milirl 

H>\ 

Crw-dl 

Alrii-a 

>C. IK. 

tlKn'I. Imr? 

:vi,T 

u- 

1HI 

Pritnurtuirt purfutn-um 

i;ir(ilunl i;r»>% 

H>k 

lora«gr 

Afrii A 

SC. lie 

m«n-l, Imr? 

;m 

(.hiimiu- 


PrnJofttihni mattftphiUa 

Ihl'Bran lr»H- 

i.Kt; 

O 1 I 

Aim A 

>C. OC> 

Iirr? 

;n.i 

l^uimitr 

«4)U 

l*rnhui>‘^"ui huOfHrrtf 

|VM>Mlr*nw llut«ru>'«’ur 

(Rrr 

(»il 

sf; A.id 

iM'.y 

lul. Plrni|Ri» 

.310 

l^uifiiiM- 


/Vnuifi virfMUi 

'\u-tniliiin ^hniitiu'h 

COMP 

Iniu^ir 

Alriia 



;$i: 

l,hiitiinr 


/V^H-riwiirj nntiiffiuii 

IVfnil 

Pin: 

\ r|jrtill4r- 

Nnii 



:m 

l^uitiiitr 


/V/J/w t^utrirrm 

IVnILi 

l.kHI 

0.1 

S A-id 

Al .IM.» 


327 

VllilllM 

♦jb: 

/Vm*ii amrruana 

4um’«Ki 

l.u K 

Innl 

Nrril 


lin% ImI. INit«i|)ii.s Ft\ 

121X1 

Hdliliit-Pir illtH-Ufrt 

•IBK 

Huln^nii 

^ thi 

I.ALB 

f'niil 

NnrI 


lirr. Kd-'fi. fl> 

IlfN) 

IldiiitJi 


Priv'it vhini^rnt 

<jn» 

l.klB 

Prxiil 

Nr-.ll 


lirr. UB.p. fit 

Ill’ll 

ICifTid Palm 

•VK) 

Phutniliu 

ilrttll 

ii:i; 

A .-K. 

Nrnl 

Al? 

1.1'.- 

IIIB 

ll.iiitin-r 

«Wl 

I'itUMtJus <trul^iiiui 

ri-fHtn 

i.i:i. 

A r-j;r Idltlr 

Ni-ul 

Al .IK.-' 

Ili-r 

71 

lldklyit 


/‘tiaunJuf rm rum.'i 

S'arliH Kumwr Hr-^in 

ii;«. 

A t^l IdlJr 

Ni-rtl 

ai.in;? 

lirr 

177 

BuraUii 

•m 

PtuimJui ilrurwnif 

CImuujiIj 

11 : 1 ; 

A r^clitlik- 

Nr-.ll 

Al? 

lirr 

H<«i 

U.iniliulaii 

Wl 

iJioWtir'itM 

limn |tf4ih 

1 1;<; 

Ar-plal.k 

NrN.1 

Al? 

lil-r 

1 : 1 m 

|{.i(iiliiilan Pai'hdl 


lunutu* 

rnijHi-jl Ijma 

\yx. 

A ry-i-litlilr 

N.-.4 

ai.im: 

U-r 

<»l 

Udimn 

'rk, 

f’hntrtJui rtJfcan* 

l^nnmxi Kriin 

ii.i; 

A ryrluhlr 

Ni>ii 

Al . (h: 

tin-, ihiip 

22*» 

K.ifi.m 

•pt: 

IHutriux 4aiOhJ>^<i 

Palm 

PMAI 

Fnill 

Afraa 

(k: 

tiilkl. In-t 

2.VI 

Bdm|.i>.ii 

•Pitt 

PhieniM trrttnaio 

Xl M Raa- Polm 

PM.M 

Fllxr 

Alraa 

(h; 

lu-r? 

21 : 

Kd|M- 

tpp) 

tfiuit 

Ni'n /o^aUiwI I1 a\ 

IJI.I 

hUr 

\u>l 

(m: 

iiiiii. Uv 

HO 

IldMl.i 

lirnu 

wm/ui 

Ulohritr- lixiuM-lirm 

K« I'll 

Ffuil 

> A.ia 

s(.. oc? 

Ih-v? 

2M 

Bdltaii 

l(X>] 

f%yUtinth»u rmMux$ 

F mltlir- 

Kl I’ll 

Alnlli|4r 

*• Amu 

-c.oc? 

lirr.' 

liWl 

lUij Kdiii 

locri 

fiui4hfr 

l1i>IUnlliu> l*ul< lirt 

Kl I'll 

Mrxliririill 

< A^id 

sc. nc? 

Ini-? 

I2i>l 

Kr.iCin.f 

UXM 

1‘hiittiu mu 

Mriii-4ltl llu*ik T«rmIi> 

SOl.X 

A r](<-ld|il«- 

Nml 



.VKl 

IMf Iran Bark 

\vt>\ 

/'A\Wi> prruriana 

4ji|v iHMKritrrrt 

Nlll.k 

Fniti 

Ni-.li 



iloi 

lt-.f Mantnut.- 


I’hsuilti fihihtlrlf>huv 

rrMflOtlllir 

Nlll.A 

hniil 

Nnil 



IIH.A 

B.-.I A|.mil.m 

l(HM> 

Pfi\lr{efJtas mwtiKurfHt 

Palm 

P\IM 

Arjl.lMR^ 

Ni-.li 



lo7 

KnlOdi 

|fX»T 

PhiiiJiu tt iim^ivtinn 

P.4. 

pim 

|1«r 

N Amn 



270 

Hnl Prp|«-r 

IINIH 



IIOMli 

l-iUi 

Ni-iii 



Ii:i2 

Kr.l Ihlrliiui III. 

|INIM 


Joliurnitili 

Kl 1 X 

MihIo indl 

Ni-.li 



.Aiai 

K.-.I Ititrr Cum 

lOlll 

Pitnmiti diiurti 

MU,.kv 

\hl(l 

Sp...- 

Nml 

IH. 

in*!-. 1. Ikt- 

10711 

llnl SlIllllmHINHl 

I'HI 

PimfiUtt t^primliA 

|’iiiM-n(<>. \ll>{iH>‘ 

MMir 


N...1 

in: 

iii»r«-|. Imv? 

px: 

KnI Silk-4 ..Mon 

1012 

PtmftUa nttirMirMat 

lU 

\mir 


Nn-I 

(m; 

ill-«-t-L lir-r? 

;i2« 

iUu iilrtcram 

kh;{ 

Pimfunrllit ant»tm 

Xlil*r 

1 Mill-: 

Iv^rdtM'r 

Mnlii 


Ins- 

«UT 

Ki.t- 

UH 1 

Plftrr heiri 

llrli*l Prjifwn 

PUT 

Alulli|.|r 

S \>id 

(M. 

Inv. lit 

l.'UO 

lli.r B. .,n 

lltl.) 

Pifirt i luthii 

ilakrk 

PUT 

Alull.pir 

sf; a^w 

IM. 

tw. nt 

rum 

llikim 

iDUl 

Piftff flmii 

P.p|-f 

Pin; 

SflM’r 

AliU'd 

oc 

U-r. lit 

1110 

BiiiKnnrm lUitli 

itii: 

Ptfirf 

P.|.,-f 

PUT 

>t»n' 

Al-\. 

ik; 

Itrr. lit 

;p»l 

B.iltmld lailTrr 

lalK 

Pifrr ifuitirrntf 

IVf.t»T 

PUT 


Alri.-u 

ih: 

I--.-, lit 

122 

B.iitt.iri Ctionrimilr 

inia 

Ptprr lunfiiMtum 

IVfi|wr 

PUT 


N,-..| 

0(. 

lirr. lit 

ii‘> 

l<..Hl..>Tra 

hi2ii 

Piptr iunguut 

lildiim liMIK Pqifirf 

I’llT 

>jm-v 

> A-ia 

oc 

l»-r. lit 

372 

B.iqtlrll.- 

la-il 

1‘iftrr mHh i du um 

kiiva 

PUT 

llrirr^r 

> Amu 

0(. 

lirr. fit 

1211 

U.M- Ai^J.' 

1*»22 

Ptprr tUfTUM 

Pi-f.|«r 

PUT 

Sjmv 

S A»ij 

Al . 01 . 

U-r. lit 

«>To 

It.r-r CriiMtiuni 

Ki2;i 

f'iftT ttfliiiiutrum 


PUT 

S|iw.- 

'i A^ia 

OC 

Iw-r. (It 

OlUl 

K.rrlld 

1«I24 

PififT 

Sll|P»l» P»1>Jir-f 

put; 

S,.in- 

>F: A-ia 

OC 

U-r. lit 

22 

R.ra-u«HNl 

)tl2.) 

PiptiuienMUntm o/ntanum 

lliiharnu 

I.Ha 

Tiiiil.rr 

Alra-d 



111 

K.ra-urHNlOll 

Ui 2 r. 

PtiliKM /rflJifrw 

(IhKM Maolii 

\\u; 

||r%ici 

Ali-ilii 



F71 

K.rlia Ciii>« 

102 : 

PrtbK Hi irm 

Pii>Li< liH» Nul 

x\u. 

Nul 

Ali-ilii 



7Bi 

U.HI;dl IVd 

Ri2» 

Piium wiii'iMn 

Prd 

nr. 

A*-|u^al>li' 

S A%ia 

Al . 01 . 

lu-r. ihri|i 

»I2 

K.«lj(ll-sltrll M.H'i|.|;Hllia 

HI2*) 

’Uriutria 

Bld.L hivilitmi 

PI.XN 

A|.-.Jh.iuI 

Air. Ill 



111 

ltul.lH-r 

Ki;t() 

I’iiinUtgit 4>T4Ua 

BlttTHlr IS>lliuni 

PI \N 

AlrilinTuI 

A.id 



oiin 

BuI.|ht 

11131 

l*iuliMUti ^uulrnlrt 

Bd( uri tiu P.traiu 

(.1 IT 

Frail 

Nriri 



01 : 

Uuk.im 

iti:t2 

tinlriiiilfiut iitnhttinit ii* 

liiiiiiin Hnru|sr 

i.\m 


'*F. A«w 



(•111 

ItuiH-ala Pliiiti 

iij;u 

IHrt ir<*nx/iiu 

l^ld DiiihIi 

i.\m 

liiU 1 

1 All. 



.m2 

UuMiaiilBitr 

la:ii 

/*t«’ir[iRi/ui< fAcuUnlui 

ko/ir Pi>l^n. Duaia 

i.\m 

llllirl 

!• A.iji 



2IH 

ltiildlM{:.t 

1RC» 

PitfimJemon raUitt 

Palc-hnuli 

i.\m 

F:.%r.H-r 

hF. Akia 


Ih-t. Apt<- 

1112 

llyaitid 

liL'Wi 

I’liluittihf* lultrrtiMi 

Ttllrr^OM- 

MiU 

f;»m-i>)'I' 

N.-.4 



«i».A 

>jH'nNl li.Mi> 

im? 

Poiy/falu Awiinuri-ii 

HU k itrnorrHl 

H»n 

Oil 

\A Al.r 



2<U 

SofUimn 

IRUt 


Kdu Bain 

Him. 

Ar|lHiJ>lr 

sf; A-id 



I.K. 

>allnin 

IRC) 

Palttnniit MUuhtfiJiii 

X«im Sra»Urrv 

COMP 

Arv- Mim-. 

> Ararr. 



HU 

'‘uili.ii, F U » 

|04l> 

PttlurMA fumpfiuiw 

INiU Biim|4iidiu 

\K\i. 

ArpHdlkli- 

SF A>iu 



H.VI 

Stt|ii. I'alni 

lull 

Pirtu int* tnfnluilu 

Triliiliair Onui|tr 

Ill T\ 

Hrr-rtl. 

N A-id 



:ipi 

Sai)(«.n l.iiiitaiiHiti 

1012 

ParluUttvrifi a(ru 

F'lrjihanl Biuli 

i*oKr 

Ali^ 

Afrii-d 


lin- 

liF’l 

SiipiHi IVp|N-r 

1013 

PtHinmmn ipp. 

1 > ilia. (jtiariHiat 

MOIU 

F rail 

Nnil 



•121 

Stinfiiiii 

lull 

<'UifMr/r> 

loiniiiia 

S\PO 

Frail 

Nnit 



MAI 

Sul 

iuu 

Pitulrnn «iin/in Ahhim 

Fliucimil rnt*. (.uiM«|r*| 

SMU 

Frail 

Nn4 

or;? 

lii-r? 

MI.A 

Sulak 

10 10 

Ptmterui Mipiiti' 

^ii|ir<l<- Maiw^ 

>\\tt 

Iran 

\tirt 

ik;? 

lirr.' 

I2.A2 

Sal-ift 

lOlT 

Pwlmn I'lndtt 

fimm 

s\h) 

Frail 

Nnil 

oc? 

lirr? 

lirii 

SullliU'li 

lom 

1‘nit^tis nfhn 


i>:c. 

Mm 

N.-.4 

ai.ac?in; 

lirr 

1120 

StiinUii ii> JatHiiira 

lOlM 

f*r>u4^sthiUnu\ 

\liumiii< HUiair 

u:c 

1 rail 

N.iii 

Al.A<;?IM, 

liiv. IntlrK 

1121 

Nunlnir ut Mrurana 

io:w> 

l^rtMoptA fuli/hm 


ii:c 

I'lnilii-r 

Ni-ui 

Al .AfiTlC 

Uh- 

I 1 IH 8 

Saitil Prar 

ia'>l 

r*riwipu fMitiddi 

Pn>H.|.iH Palh.ld 

ITf. 

Mm- 

Nnil 

Al .Alr.'OC 

Ih-.- 

12:11 

StiiulaM.' fitmi 

MLV2 

iumim4tn 

Tiunaiuiiir 

|j;r. 

I'iniI.rr 

Nnil 

Al .Alri'OC 

lirr. 4;.-lttri» 

lOKi 

Sa|N.lr Miiliirt 

lavi 

1‘ninut run it 

killMWIll 

HO^X 

Nul 

■» A»i.» 

SC. cm: 

1 . 1 -r 

211 

Sl|lfKIIIMlMHl 

hiM 

l*runui tiinifr/ci^<&4)Mrjrrj 

Itilirr klrmicMl 

UO<l 

Fiwii.-.- 

S A-id 

si;, oc 

Ih-t 

757 

Sa|uii ‘aja 

iUv> 

/*nrrriM armrmata 


K«KX 

Frail 

S A.-iu 

sr;. oc 

lirr 

irfj 

'■>ir*n|hinita 

iav» 

Prtinut aiiutn 

Sun-1 

UO>X 

I'rail 

S A.»ia 

sc. oc 

U-r 

052 

Si jiilrl P<i|.|it 

1U»T 

I'rntiiM 

Siof Mii^y 

lUKX 

Fniit 

*• A«ia 

sr.. IK. 

U-r 

i|«i2 

NaHri Biimirr B.'aii 

lOLiH 

Prunu* nMnmumi 

ktimmil 

Uo?^\ 

Nul 

!* A-i« 

sc. ik; 

U-r 

H.A1 

Stiil.-h SiH-onnini 

laV» 

Pruttus lUmirttua 

Plum 

Hosx 

Fruit 

■* A*irt 

sc. ( k: 

U-r 

RA7 

S iil.-h S|N-ariniiii 

I00(» 

PninitA ttttfirUtcafifuUttiu 

Duni'on Hum 

m»>x 

F'niii 

> A»14 

SC.IH. 

U-r 

012 

S (rtt-Pinr 

MV.1 

/'firnio luurtrrtiiAU* 

I'Jirtry louM-l 

HlKA 

F.rUnHHI 

S A»ia 

sr,.nc 

l»-r 

ot:i 

Nfrt,.Pi,,r 

KN<> 

Pruniit mantima 

H<-i>i h Hum 

IIO^X 

F.ra*-um 

A.iii 

sc. ( h; 

tii-r 

on 

Sratt-Pinr 

UM>3 

/VitrNM prrufti 

Pr-«l» 

RO>X 

F'rail 

S .A-»I4 

SI,, (k; 

Im-t 

015 

N-rrt»-Pilir 

liX>l 

l*rttnut taliiinu 

Ja|MnrM- I'liim 

HOSA 

Frail 

S A-i.i 

sc.ik: 

llIT 

OHi 

Slt-w-Pinr 

KVv'i 

Piunui trftMimt 

(-apulin 

HOSA 

Frau 

A»ii 

si;, oc 

U-r 

017 

S-r.-«-Pinr 

Idofj 

Pmnu* tuUtt/iitita 

Sii-rni Hum 

KOSA 

Fruit 

> A-iid 

M..IK; 

lii-i- 

OWl 

S-ivtt-Pmr 

ior>: 

Pti/Pum tfriniiuht/httiiiimiin 

laiMa It II an (Ria^H 

MAUI 

Frail 

Nrxit 

sc.ik; 

lii-r. Alrli|Mtiu 

Ii-V> 

Sra Mdnil (.oU.mi 

KMl 

/'*<iriiCim 

ijiiiBmrm <<ud\a 

MAIM 

Frail 

Nr.it 

sc.ik; 

In-.-, am. \t.l 4 n. Bo. Iiul.lt.. 

u 7;i»» 

N-u llli-.Fi 


Copyrighted material 

PoUintHion of Cultivuteil i*lanis in the Tropics 170 


v«. 

Scirnliflr Vnmr 

Cittnimtn NMWir 

Fanuly 

(<«• 

Origin 

/fri*rtL Sy». 

r.ilffr>urtin 


r;<MMMKiN Vrinir 


fiuint^ntr 

Rwiliait (f4ia<iti 

XhllT 

Fruit 

Nrtii 

SL nc 

Iwi-. Mrli|vuu 

.387 

Sra(fra|ir 

1070 

P’ldium itiUfttie 


Ml in 

Fruit 

\n.l 

sc. oc 

V. Mrliin.iu. B».. Xv. 

2'M 

Sraxinji 

1071 

Puiiinm 


M4HT 

Fruit 

N«.t 

sf.nc 

Iicr, Mrlipaiiw 

1117(1 

Sx-ixcKul RiiM-wuml 

107J 

Piithum numin/wm 

11 iliM>iu«ii 

MUtl 

Fruit 

Nrot 

SC.OL 

Im*. Mrli|Kma 

UU 

Sntna l.nWrr 

1071 

Ptuiium wumanum 

4mi>tln 

M4I1T 

Fruit 

Nrol 

sc nc 

kc. Mc-lii-.na 

ILl 

Sr|*-lir 

1071 

PiofJuHMfpttt Mmfiumttiihui 

^ iiiKTsI Rran 

ii:g 

A .'ygrtabl'' 

S Aiu 

ai.ck; 

kc. \\lm-ojM 

.*>27 

Srimili pil> -Hrrrx 

1075 

pMmilm ipft. 

Rlr«lniut 

i.j:g 

Tuk-r 

Aum 



760 

Srru-ru Io~>|irttrea 

1070 

Plf^tirtiffiui 

SrfiP)t»l Hofcrwurnl 

\vr. 

IV 

Afru-ii 



0311 

krr.ub-lla 

1077 

1‘trfOtnrpM UulifM 

4mlaiN no 

I.KG 

Tlmlirr 

SF Anu 



1141 

Srxairxr 

I07H 

I’lrfoctifpuf uuitiilinuf 

K<*cl Siuidrr««nKl 

liu; 

!»)<■ 

Afnru 



1312 

ShraUitlrr 

I0?> 

l*lfun axptii .wtsiixK 

RuntuiMl 

m; 

iKe 

Afiuu 



Al 

Shirudr Trrr 


Ptrnitw 

Kii>l/ii 

I.KG 

F.ifoii.* 

F. A«ia 

sti.nc 

kr 

2A 

SFiiliim-ftiMal 

hiKi 

t*Ufnria motUamt 

KihI/u \ illr 

i>:i; 

Tukr, F.ir. 

S A»i« 



m 

Shiiu-i Crmalana 

I0K2 

Purnma phat^oiiUx 

Tr<)pK-ol kuilni 

ii;G 

F'«m|p* 

S Amu 



120) 

Stain Hi-nmin 

MUU 

Pumtti ftmimlum 

IVinirpiimlr 

PIM 

MultipU- 

ft Axta 

sc_nc 

imn-t? 

121 

Siirnon FlarrI 

lOKl 

Pt'ut atHfUwut 

P<-4r 

RflSA 

Fruit 

S Amu 

OC 

Irr-.Ri 

BtO 

VUi- Mrtl.. 

|08T> 

PttUt fumMUINt* 

IViif 

HflSA 

Fruit 

S Amu 

Sf;oL 

I.rt%f1t 

1060 

Strnii Plum 

ilUV> 

/^ru( nn/iM 

4pi>l'‘ 

ROSA 

Fruit 

S Amu 

(k: 

kc, (kmio. Anth. Ami. Apix 

207 

Signal t lr»x>. 

I0H7 

P\rus putfua 


RnSA 

Fruit 

S.Amu 

OC 

kr. flv 

lo: 

Stik (^nttnn 

KlWt 

P%tuf p\nftJM 

SuimI Prar 

ROSA 

Fruit 

SAmu 

SC.0C 

kr. n> 

ruri) 

Silkx Oak 

inao 


llitir-l 

SIMA 

Mk. 

Vn.| 



302 

Silvrtlraf iV-MNodiuni 

}0<X) 

Kapftanu.* utlirus 

llaili*h 

f;Ku: 

A rfertahlr 

ft A«ia 

• HU Al 

kr. Apix 

1288 

SmalrtFloxirml Vetch 

IO»l 

Rapftui ipp. 

lUtTttt Pdlin 

PALM 

Frlirr 

Afru'U 



UO) 

Nroliu 

Ml'/2 

Kntnt'^iifhi trrpfitUm 

Ju«4i iMil IVpjirr 

AitM; 

Mnlirinul 

SF A>iu 



H20 

Slcrxr Palm 

Itm 

(kAvuI/j 

4'iimiitnn Mifitniwlir 

KKSh 

F.*»i“itrr 

Mrtlii 



L37 

Slrnilrilrdf CixiiaUrui 

iim 

Mwiirniit 

r.iWoini 

RHAM 

Mnlirituil 

VfXit 



Ui 

Nmaith CroAalaria 


fu uminaitt 

N«r4iijili> 

GUT 

Fruit 

Nrtll 



700 

SincMitli Ijmifah 

IlfNi 

Kheniut b/inilum^is 

IVun 

(;iirr 

Fruit 

Nrtil 



HM 

Sruil Mrtlu- 

lo'C 

nlttht 

JmmmM'o 

c;uT 

Fruit 

Vrxil 



W7 

Siukr Hoik. Mauk 

)0<<8 

Ktirum nffittmtle 

ChiiM'v Hliuiiarli 

hllAG 

Mnlii-inul 

S Amu 

SC.OCY 

inrrt-i. fl> 

12.V. 

SitokrpuunL (luWbra 


RtN-um ;<ri/imrJ4iM 

PtM liirliaf) Kliulultl) 

hllAG 

Mrvliriruil 

S Amu 

sc;.OL> 

iimrvl. Ox 

1123 

Sxiaplxrtry. Parapura 

IHM) 

Rhrujn rhap>mUrum 

<>Bnli*n RliuhuH> 

1‘UIAG 

Vrirrinhir 

S .Amu 

sc. nc? 

imrt-i. flx 

2i 

Soi-ntnnr Alor 

1101 

/lAuiy</itir<c nwnglr 

KhI 

RHIZ 

Tiinlirr 

Nrtjt 


wiiuL inxrtt 

1161 

Suxlrim Applr 

IKC 

Rhiskifiliiii’tf^xf 

MuriKrnsr 

HMt/ 

Tunniii. IFyi" 

S .A-iii 

sc.nc; 

Kh(. FV. Mac. uitiil. iiirrt-l 

618 

s..h-|ililuitp 

I HU 

Hhit* mrrrdaneo 

Japan 

liX. 

ft ax 

F; Amu 



lino 

>tilaiiiim Kiiaxtanunt 

110) 

Rirtmn ttuniaumi 


hi PH 

Itil 

Afrua 

OC 

wind. iRxrrl 

in: 

*<<tlrntixlrR>iifi 

iior» 

R4>llinM delifumi 

Uitilm 

AM)N 

Fruit 

Vrxil 

sc.nc? 

knlr 

Ctrl 

Sirxa Gum 

liu> 

HrtM aiha 

VHhilr CoUaftr Ho«-r 

RIlSA 

F.xm'IKY- 

Mrtlii 



llfiT 

NiurChrrr> 

1107 

RitM4t rrnltfolut 

r.aUHVr lt.«w 

KDSA 

Flxomr*- 

Mrtlii 



.Urt 

Sour Orenpr 

noK 

Hm4i >i4tJiuiM'rtuiAnpioup^aIii 

DaniaA Kim<- 

ROSA 

Fwikv 

Mrttil 



IUi2 

'Htnr>Hrli«h Bnnjitl 

1100 

Ruh*n cini^iiut 

ln.lia« Ma.Mrr 

Rim 

IKf 

S Amu 



Uii 

StiurMip. (tuoihibarui 

1110 

Rulmt spp. 

lllarilirm 

RtfSA 

Fruit 

Trtiip 

'.Ati.iM; 

Ih-p, RiiinlMt-. Apih 

VI 

Suvk'atv 

im 

Huta gmtntUns 

r.ummon Kiir 

Rl TA 

Mnlii iruU 

Fiurupr 



1170 

Si]iiwiixh llmnm 

1112 

RMiiittt p\Txfmi 

Hvofiia 

FLAC 

Pi-*lM'i<lr 

Nrtit 



lU 

Spanixh Grrm* 

1113 

Sggiu»tu% »»piuift4ui 

A>y»Mli4.aii 

U.IS 

Rivil Crufi 

SF: Amu 



818 

S|juni!ih Uiiw. Mdiiiun 

1114 

SiiiMpnutUt 

Afriran Vinirl 

GKS\ 

IhriMi. 

Afrxru 


Im-c. AmrfEilU? 

67.3 

S]Mnixh Siinfnin 

1113 

Sttlmra *Atdu 

'•aliil 

PALM 

Fruit 

SF. Aolu 



1281 

>pauiixh Tamanarl 

1116 

.Who <^i mttrunt 

Arrlmilp Marfa 

LABI 

Mexlirinal 

SMrx 



777 

Spanixh llivriir 

III? 

SttUia hiifMinn'4t 

Ghi*. Clun 

LABI 


Nrxit 



8.V1 


1118 

\iimtnra taimin 

Kainirrf 

\n: 

TiinUY 

Nrtil 



TIKI 

Spicola liiiltun 

1110 

.Samhiiftu moadriiuf 

KoMmi 13<lrrln‘m 

l.APR 

Fruit 

SF. Amu 



1182 

>p«ruir1i 

1120 

Samhttcit* fatunuv 

S»mlni> iH JoxofiM’a 

CAPR 

Fruit 

SF^ Amu 



1187 

Sponaliu* vrtiulmui 

1121 

.Srtntfruriu mrtunitui 

^mbu>’U-> Mexi<’unu 

<: APR 

Fruit 

si; Amu 



830 

SjHilIrtl Bun Mrxlic 

1123 

rti//irratniui 

I’aliRii Iillr 

ai;aa 

F'lhrr 

AkxHM 



-VVl 

*S|iiirttiif: (Jih-uhiIrm 

112:i 

Sansn-iTTM tpp. 

8u<*«tnn|! Hrmp 

AGAA 

Fik-r 

AInca 



;i:)6 

Star A|^dr. Caimlo 

112) 

Siinialum uitmm 

tt hilr SonrlaiwfHicI 

SAM 

Fliorfu-r 

S Amu 

sc. IK'. 

her 

706 

Stnr-Anixr Trrr 

1123 

Sftpittdu* Mi/>innmi 

Nkiplwrrx. Purapam 

SAPI 

Vila.. 

Nrtii 



LLi 

SurfruiL I'.uromkla 

1126 

.So^irnt tfiri/i’rum 

GliirtcM* Tallovi Tiw 

K1 PH 

Multi|4.' 

S A-ia 



176 

Slat|:raM« 

1127 

Sttiun‘fu niiMMiwi 

VI iiitr-r Suxnrx 

LABI 

Spirt- 

Mrtlit 



UU 

.Slrrilr Oat 

112K 

.Sttitfn^uji androgtnu* 

kaluk 

FI PH 

A r^talilr 

SF: Axia 



I2.AH 

S|»axxl>rm 43mrr 

1120 

Snunurrti4iislu» 

kutli 

OIMP 

Mrtlir iiiol 

S Axia 



1070 

Sirawkrn Giiaxa 

1130 

Srhrrlra mariuuia 

OutM-inirx 

PALM 

Oil 

Nrtil 



1IO(i 

Simpkanlliux Kimilir 

1131 

httiUMir 

Gw'iimr'Itn 

AN AL 

Tannin 

Vrtii 



ll'W 

SirxchrnnrTirr 

1132 

Srhtiu»p*a ItirriUui 

Rr<l l^urlirjt'lxi 

ANAf. 

Taioiin 

Nrtit 



I2I« 

Nxmx 

113.1 

St hiMu* if/vt/u 

Prppi-t TfM* 

AVAL 

(•um. Tan. 

VrtU 



12V 

Sulx'luxrT 

1131 

.VAiiuu mtUr 

Pmtiian Mdlir 

AVAL 

Spirt- 

NrtU 



206 

Siicupira 

iir> 

SehJeuKtfa Wnxri 

LtC-lfTK 

SAPI 

ftax 

S A«i« 



m 

Sii^ur A|iplr 

ii:oi 

Stltmtna irifftit 

M<tfula 

AVAL 

F'niil. Mull 

Alhra 



-VC 

SiMuu Guni 

1137 

S^i'hium 

(dlitxetr 

Ll.Ll 

A rgi't.iWr 

Vrtii 

nc 

iirr. TripniUl. ua>|> 

1.31 

Sujuir Palm 

1138 

Serhmtn Iticaco 

Turoru 

CLLL 

A rpHoJ.lr 

VrtU 

nc 

kr. Tnitoixa. Muxp 

677 

SuM'Ixukrtlll) 

11.39 

SftmuwiHty uttiKtiiilium 

Morkin|t-Nut Trr«r 

AVAL 

!>>r. Mull. 

S A-i« 



()7(i 

Suiiflimri 

1140 

VniNi ititihi 

Kmf>iXTn Ilti4i 

IFG 

Mrtli.'ifMl 

VrtU 

SL,(K‘. 

Uv, XxliBxifHi. Lmliix 

430 

Sum llcrnp 

1)11 

.'vtiM ortuimuUn 

SrniM Crdlrr 

IJX. 

Krxrraxr 

Africa 

s*;,(k: 

iirr, Xtlo.-opu 

2 

SuixM-t IlilxiM-ux. Aibika 

1112 

•Vrini wrjrsu 

Alt-xamlrion Srnna 

i>;g 

Wiic'iiial 

Africa 

.sc.nc 

brr. .Xxlncipa 

:ai« 

Surinam (iraxx 

DU 

Stvimum alntmn 

Twaaitli* 

Pi;i>\ 

Oil 

S A«ia 

Al. OC? 

lirr. n>. <.ao|i 

600 

SunnaiH'fVm 

1144 

VtunuMm tnHiiiuii 

>r«anir 

I'Ll) A 

Oil 

Africa 

ai.im;? 

iirt*. Ilx. «iw|i 

a>2 

SxxrH lUliii 

1 1 13 

Srutmum ftmtirtUam 

U .U Sr«imir 

pt:i)A 

Oil 

S Axia 

At. OC? 

lirr. fix. »ox{i 

7.AO 

-SapTl Bax 

1)16 

Seitimutn ntJutium 

ft ild SrHiutir 

PFI»A 

Oil 

S Axia 

Al.OC? 


1207 

Sxxrri BriTX 

1117 

Sfihanui biifiinn'ui 

llliainrlui. JanUir 

IFG 

Gum, FilM-r 

S Axia 

Al 


lO'i/i 

S«m Oirirx 

llUi 

.VW/uRMt fimnJijinrit 

Tun 

liX. 

Mix 

.S Axia 



JU 

S*.rrt Flay: 

1110 

Seliina Uolun 

Fuxiail Milli-i 

POA 

Or.’jd 

S Axia 

AL.OC 

uitiil. lirr 

0(x> 

Sxxrri tirafuililla 

M.iU 

Sttatiii ifiluirtiala 

GuMrii Titnu(h> Grtt>.^ 

POA 

F.ini^- 

S Axia 

AL.OC 

uimi, lirr 

:i<y> 

S*r*'l Umr 

1).>I 

Shnfffi inbiui4i 

Sal 

DIIT 

H.->in 

S Axia 

ag.im:? 

ihrip. kr? 

ai2 

Sxxrrt Marpildni 

11.32 

Sh4MrO ^pfA. 

RoLiu. Mrrunti 

LilPT 

Oil. Timli. 

SK Axia 

ag.ik; 

ihnp. kr? 

:i7S 

Sxxrri Orarxfr 

ll.VI 

Viivm ttirmen 

Hala^iiui Oaininoii 

niiT 

IViii 

SF; Axia 

ag.ih;’' 

llirip. kr? 

718 

Sxirt-l Piil.tti> 

D.it 

Straiua minfi/rnt 

f.'umlw. Mrlui.«tt(ln 

«.u:i 

Aliillipir 

Vrt< 



cy 

Sx«m ftcxxIruR 

ii.v$ 

nNt/u»iuAi 

lUv Thiol.' 

LUMP 

MrHiciiul 

Axis 



m 

Sx»rrt»i)|i 

iiKi 

.VmunMi/Hi /Atii/u 

A.tHluna 

SIAIA 

Oil. F ruit 

VciU 



2(xA 

Sxiiinlliran. Purotn 

l).'57 

Stmm<»n4iu4i 4hinfnM 

J.ipdw 

BIX A 

ft ax. Alull 

Vr.4 

nc 

kr. xiiml 


Sxiinrx Rlur(>uni 


Copyrighted material 


,%<*. \niMr 

ll.iK SiHUfitt tilfin 

M.V) Smilax arnliilutiiii/tJta 

I Iftll SiJuiium 

I ](>l SiJnnuin «iim u/<ift* 

1 Iti2 SJunum /rmi 

I Ifki SJanum gtto 

\ ](»l Solatium im tuiu/n 

I Ifki SiJumm i/ulimm 

1 Ifrft StlaHum khatuimiiH 

ll(>r SJaitum Iru'inittlutn 

I |(il< Sutiuium marnuatiMm 

I IrHi SiJanum mrlim/trna 

I ITU Sulanum mutirnlum 

II n SJiimm ntgmm 

1 1 T2 SJrinum fJuitrju 

1173 SttluNum iftuhtrn.tr 

1171 SJiimm hifnio 

1175 .'ttJiimim umum 

II7U .Wiinirm ri/^rrtMum 

1177 .WciMdfrfFMW /nnixnriii'Att 

I I7H SilriuMlrmtm toiundt/tihu* 

1 1 7*^ Spartium /unrrum 

IIHII Spliri»initltt nimurarfMi 

\ 181 Sfuttinlhrt umtrllu 

1 182 SfuruHto alrttura 

I IH't Spiutiltftt i tthrmi 

MKt Spimtlmt tmmhiH 

1 185 >;>rui<yiiu ftutjMirru 

Il8li .Sptuuiiat lahrrtitit 

1187 .'tpinuJiat irtmUita 

I IKK Suuhtturftiilitti 

MW Sirtrulitt trdfTrra 

I I'M) StrfruHii ttn/ctnatilhn 

ll'>l Strnuluiurrnt 

ll'^2 Sirtiit rrhtiuilttriM 

11*^3 SilfMi tr/uiii»untn 

1 1'^l Siniphtinlhut gniltit 

1 1'^5 hi»piflu» 

I l'N> StnifihiiMhuii kfimltr 

I I'^T SlrttjJuwlhut uiemrtitinut 

I I'Nt .VnrAiroi 

I I'W Sinphiuiiirrnlritn attannifritt 
I2UU .'Vtliiturilhrt rrrrtn 

I2UI ,S|>Am<nl/in guianrn»it 

I2U2 Sisliniinilirf htintilit 

l2UlH .V«rt<i 

I20t .'iitmi lartitnrmu 

I2IX» Snirirnia nmcniftiniltt 

I2IM> .S>(t|tnw tTiriwiMM 

1207 .Sirup/Hi/iim tlutatuum 

l2lM Sxztgium offiir’um 

I2U*) fin>nMtlirnn« 

I2IU mmiiti 

1211 Sxztgium jumImh 

1212 uitilttrtrtHr 

1213 Sxngium vtimtntnjzmtr 

1211 Tarrti irtinliftrlalttirlrt 

1215 Talinum mnufpilutttr 

I2IU Talma rju ulrnla 

1217 Taiuia ttliixirftirmtt 

1218 Tamarimiu.titttluti 

121') Tamam attinilaln 

1220 Taraxanim tiffii inalr 

1221 Triuimt gnituln 

1222 Trlfatrin "•ruirnialu 

1223 Trl/atrtit fmlaUt 

1221 Trphrtttui i-timihlit 

1225 Trphmtiti rrtfcriii 

I22(> Trmumitia hmxxii 

1227 Trmumdia tahtfipa 

l^^2K Trrmimitia rhrlmta 

122*) Trrmimilia itvfrtuu 

1 2'W» TrrmitMliu tuftrilm 

1231 Trlnmhtiuartuulaiu 

1232 Trttugtntia lrfraf;tmttintrt 

1233 TritiigtHHtlithut purfiutewi 

I2il TkiiunuiUmii-tut lUtntrUti 

1235 Thrtihtomu angu.thfuhir 

1236 Thrtihhima lirfntiuitli 

1237 Tknth/nmti laitJiit 

1238 Tkrttttftimiirarati 

1230 Thrtiitttimti itnauhtmr 

1210 Thmiffttmit fcraatli/lttnim 

1211 Thrithnima umiamm 

1212 Thrtitftimn tfuiiutum 

1213 Thmi^ifnir uiliiAritrrum 

1211 Thunus ratgaru 

1215 n^v'jrnNi/i< 

\2Ut Tuxiftnlrfldnin surfrtlaorum 


(.tamnim family 

VUnl. Mu.Unl mu's 

>an>u|iarilb '■3111. 

• ll^nl '•Ml \ 

\uklrdii«ii Ni|ihl>kiil>‘ '•Ml \ 
Niur-Kr(i«h linni J M H . \ 

<;ilu M)| \ 

Tiln-tali. •‘(♦I \ 

NuUtiiim Klu-).intini '•Ol \ 

kutifbinai M)| \ 

Nuti'*- **' ^1- ^ 

M )| V 

IVm. Diilri- M>l \ 

tt iiIttlrrlirlTX HU \ 

H)| \ 

Nimitjilfx I uki Hl| V 

Cta-iMlii. IVui liTointllo Hl| \ 
TrcnnjHin HlH 

r..lut.. Hl|,\ 

SilnHol<'it»>ii I, MU 

Hji»4 I'oUIo I MU 

lln->m li:i. 

Vrti«'4iri 3 iini H*-uri I .f!) < 

IWCiv^ CMVir 

S|>iiw<(i ).H1\ 

UM. 

11.-.I lUiibn ^N\(. 

Imlxi ^NM. 

S|UHIllui> tflluilM \\ V(. 

Oiim***- I.MU 

kulj>.t(»iMit '•ri' 11 

'•'II U 

kjM\ii(<uni '•II. 11 

ko.ill.-V H)MI‘ 

{-'•iiorlo h)\ 

min. 

I MIN 

Hni 1 .koiiiltu« knmU- MIN 

M*(N 

Hnc hiiim- Tnra- MM.l 

ll.uliolim*i I.I3« 

Nif!.-nati I u< rnw* l.l.ti 

llwtlion l.iKi-nii' I.I.M 

T<iwt»«i]li' Hti'i l.lib 

ShMk >13 11 

Suiiii Krn/>iiii >n II 

loMunlVIir. i‘M.\| 

>wi-H lU-m >M3) 

Juniloj Vtrr \n II f 

fUttr xniM 

juniu.i.iii \niir 

H..M- S|.|.k vniM 

iv.mf-ro. MUM 

Java \|.|.|r \niir 

Tohili I MX. 

(:r^i.M.>|.tM«'ii hill I 

IVIlmI-mhIiiiU >\I'I 

\.-ll.» (Vni|. >\ri 

Tamunini I.K<> 

ToitMiiA I \ IH 

IkjiMlrlion 4.0MI’ 

IVak u:itii 

lllilnl (rfKinI l.l (il 

(Kkif-rSul a l.l 

% lull- Tr|4inM4u I.H> 

\<>t!rl Tr|.knwa I.H. 

IbUi CMMU 

Krfiiul Mmioiil (.MMII 

MvmlKiUm (.OMIS 

MiiJn. CMMII 

\|jrj COMM 

Siuiilurji 4.iim Cl I'K 

Vi* A-oluriil>|itlMrti M/O 

|M‘4 I.K<> 

M<r«k-lmit M\K3 

Cinidmai >'M-K 

Coi-M lldiu >TM( 

(uii’«.li].m....l‘4l«.ir >M.K 

l^a.ui >TII{ 

« ilil Cm-iW >M K 

Cu|ui4iu >TI.K 

Ca.4..<lrV1i<>. >riK 

Uil.|C..^oi >T»K 

U ilil Cm-.M >ri K 

(.iiaitnou I3i>nu‘ I.MU 

Mill 

Jj|ijn Tolkii* \N 3C 


I »r Orifiifi Hrmt. Sy 


!•>. jpi- 

> X-.j 

H,IH 

itiol 

Vn 


\ i-ttnulili- 

\.i4 

XI .Of 

Mnlii mmI 

XllH 

XI .*H 

M.hIu inal 


XI .4M 

I mil 

V.4 

XI .<N 

\ a-^lHollli' 


XI .IN 

kr^iiillili' 

\.t4 

XI .IN 

Miili. iiul 

N.-.4 

XI .IN 

Irmi 

Xii-a 

XI. IN 


\<-«i 

XI. IN 


V-«<l 

XI. IN 

IniM 

\.^4 

XI .IN 

Milllifik- 


XI. IN 

ruU-t 

N.-.4 

XI .IN 

Inn) 

N.-.4 

XI .IN 

I'niil 

V-4 

XI .IN 

Vrya-tillik* 

\ch4 

XI .IN 

rtiU-« 


XI .IN 

Mi^li. inal 

XX Xtr 


TuUf 

M-X> 


hla-r 

M-lir 

XI 

TiiU-t 

Xlni a 

H.IH. 

y.^li.i.,al 

\ Xni.-i 



XX X.id 

Ol. 

1 mil 

>1- X*..i 


Inn) 

Sa-«t! 


Inn) 

S...4 


Inn) 

Vh4 


1 nn) 

\.-4 


TuUf 

X»w 


1 aik-r 

Xfni a 


1 l^-liaiK-r 

XIni j 


).uni 

> X.ij 



\r.rt 


y>\m-r 

\ Mr 


m.il 

Mma 


Mr,||, uuil 

X<rii a 


Mralii nul 

Xfm .1 


Mral,, »ui 

Xfni a 


Mi'ilii rn.ll 

> Xho 

H..IK, 

l,iii..V|.-.ii. 

V.) 



Mrira 


iMrap* 

V.) 

>(.. )h; 

l•W4)V 

\r..| 

XI 

ll.^m 

>1 X-..I 


Mi-I.. nul 

>1- XvlJ 


rnnl-r 

\.-.l 

IN 

n j^.Mil 

s.-..) 


■-•■•••).-ni-r 

Xlni'o 


Irui) 

> X...I 

XI .IN 

>|n.r 

>1 Xmj 

XI .IN 

Iruil 

> X-.i. 

XI .IN 

Inn) 

> X-..I 

XI .IN 

Inji) 

> Xm.i 

XI .IN 

hnjii 

> Xmii 

XI. IN 

'NOJ.I. 

Ol vonu 


\.-V.-)dl.l.- 

XX Ml 


hruil 

S.-..) 


hnji) 

Stt.i 


Xlull.|.|r- 

Xln.'.i 

H..IM. 

rimlici 

X-b 


lk-»rT4j!r 

VX X*u 

XI. 

I'tmla-r 

>1 X-u. 

H..IK. 

k.-|C.-)4l.|.- 

XlfM ll 


Oil 

\fri*-ii 


htmioii 

N.1.) 

XI. IN 

|V-)u ji|r 

V.) 

XI. IN. 

IniiJirr 

Oif-onia 

H..IM. 

Oil 

> X*i.i 

H..OC 

Tannin 

-> X»MI 

•M,nc 

I'niJit-r 

Xfrk'u 

h_ir; 

Multi|il»- 

XIH.-U 

H ,. 0( , 

l{.-.ii> 

\ Xli 


V l-pl-)4l<l.* 

) )rt-onia 


V.-K>)4l>lr 

XI.-.I.) 


Hn-t-lMB-f 

XIn.'ti 


Ik-i.r4^i- 

Nl-ari 

XI .1)1. 


N.-.4 

XI. IN. 

Sjiki- 

\n4 

XI .1)1 

Ik-w-rdpi* 

\.-,4 

XI .1)1. 

Inn! 

\miI 

XI. IK. 

Iniil 

Niiri 

XI .1)1 

Ik-K-raci- 


XI .1)1. 

Inn! 

5.-.4 

XI .1)1 

hnnl 

\r,4 

XI .1)1. 

>1....- 

Xtnli) 

IK.f 

I.^armr 

Xl.ll.) 

IK.f 

Uin 

Xm4 



ftilliaalar* 

\o. 

Im-. X|.i< 

18 


1 138 

l»i- 

376 

l»i- 

1113 

l«i- 

1211 

ltr»- 

1216 

i>r»- 

12 m 

I.. 1 - 

1210 

1 . 1 - 

1052 

lirr 

>> 

I.T. 

212 

1.1 

37 

Itrt- 

130 

I. 1 - 

6U.5 

1 . 1 - 

705 

lin-. Ikiinliii'. KiiUii-nu 

581 

liai 

'17 

1 . 1 - 

252 

I. 1 -. Ikitniili* 

815 

I. 1 -. XpV 

1221 

lirr. X|ii« 

V 18 


131 

l.-r? 

Ukl 


li >2 

Kii.l. iiini 

.VKI 

1.1 

«)«)| 

liai- 

2.51 

Itn- 

1 175 

1.1 

73! 

I. 1 - 

11(3 


I2i>>l 


1215 
121 
I lu> 



12' 1 

l.i-|lr 

615 

I. 1 -) Ir 

781 

1 . 1 -llr 

'MIT 

lati-lit- 

8 !f> 

1 . 1 - 

IIHI.5 


T')U 


.kWi 

l.-r. I V|ilij|ciln)giiivi 

117 


121)2 


651 


(IHI 

1 . 1 -. m? 

1)111 


1*7 

l.-r.flCf 

1)182 

I. 1 -. fl*? 

'iil.X 

IwICIni-. fit' 


lull. h«fn|»ii-. I..*, fi\? 

Ih'IK 

iul.l..n.XU.hrl.l.n-3ll' 

l‘)l 

lul. I. 1 -.tlt? 

I)):n> 


l.l(> 


II 18 



I25 

I. 1 -. X|>n 

I6l 

l 1 *.in^-.« 

I17 

1 . 1 - 

8 ni* 

I- 1 -. \,.n 

I3III 


nil 


I277 

I. 1 -. \tk.i.|*a. X|.i* 

2 l> 

I. 1 -. \tk. 11 ) 10 . X|il' 

lUDI 

IK? 

1 1*)5 

nv.lin-* 

657 

IK. I.TV? 

782 

IK. I.wiliu. ChnMtinata 

I2IK> 

n»? 

158 


•V.l 


11)13 


I21E! 


151 

11 '. Iin- 

873 

Ut 

I28l> 

lit 

1287 

Hi.!... 1.0. 

311 

lit 

;«> 

fit 

1 . 2.1 

iK 

1311 

lit 

1313 

Ut 

111 ! 

I- 1 -. X,n. 

1225 

Im-. X,H. 

:u«) 


018 


/*oltiuutiiin of (Mltiratvd 


t.tunmiut NnMw 

ToMu« 

r*<i.-.i 

fotlHlIU 
r.dlili XmmnHri 
TjIi'Ij Kx uU-tilo 
Taiivtiiml 
lanwtii'li 
r.uiwru|iM 
Tail M allb 
Taio 

Tarn vHit- 
Tariitpiii 

Torlon lliu kulw.ii 
Tonti 

T4*tiu)ti<in KliirCum 
Tj«m r.iiribinrini 

fno 

f.-A 

r.-ff 

Ti-nui iuHdk 
Titim Mo»£|u 

|r]Mn Ik-on 

li'n-nlditK 

ri-hiniLUi 

Thiu 

iii.ii HiiiiiiHjt 
lllllllik-r]pHl \ lllr 
Hivnir- 
Ti I’olin 
ItU-ruNo 

lila-l.in li.u«-lniil 
Tm'I* <3in«-r 
nkii> 

Tnnl-i 

T.4i. Ilal..mi 
Timialtllii 
TiNH.tlit. riNIUlli- 
r.aiLi Ik-Ill. 

T<i«»‘U-. Cii«iiinl \|i|ili* 

T<mn*iillr Sl*ki 
Tm- 

Ti>^- |.•ml■l» 

Tnkilijir- Mioii|:r 
rnait|Mll<> 

TnifMi dl I ^i^>r(Krii» 

Tn^Mi ,il K>iil/it 
TnifHial Ijniu Ik-.iii 

Tiui- llobi.i 

r-i 

Tlllkl lt<Hil 

li.l.-n»r 

rinuni-U«ul'4lm 
Tiiiw-lM- In-r- 
Tixi 

I iirkiMi M.i^-1 

rHCiiii-ni' 

1 .iku 

1 •’tilw <Jtllri<<* 

I alllltlie \lll|i 

1 lliMiiM-. I'd|u I Ini 
1 litliri-llji Hiimti 
1 i»lin-llo I rw 
I iil-uti 

I lildixl (oittnli 
I IU. U Timl.. 

1 lui iin IVlin 
I luinLat 
1 Ilk- 

I mIIx («ikininii> 

V.i<iill.i 

V.-K>-Ul.l. Moinm 
Vi-KhIn-41. 

Vi-niiaii.i laaUim-mi' 
kiki— Klia« 

V i. UL 

S inik-ra IVliii 

V >Ko«>la-Tt> 

V iniU 

\ il«-\ Ni-^uiiiii. 

\.<Vrih)C 
S lr|itir»>lj 

Ik oli-r |)ni|iu«iit 

Copyrighted material 

Its in iIh' T ntftir.<i ]}{] 


Vo. 

firientifir \amr 

(.ttmiiiim Vomr 

famdy 

tu- 

Ongim 

Itn-vil. Syt. 

PiMiniilor* 

Vo. 

f.iHN.mm Nnmr 


Tiiurtiiiftntftin ttmu ifiuum 

1 1‘rrr 


l(r.in 

X«i.i 



<Jr»l 

ft 4lrr Unimi 

12 ut 

TrmhtuttrfHi* fotlunri 

lA itiilinill I’.ilni 

l'\l M 

Tila*r 

K X.ia 



717 

ft 4lrr SfNCMI ll 

12l'j 

Tn*rk\Uit>tum 

y.MUl\uT (.OfHlI 

lii; 

Bc*«in 

K Xfi 



im 

ft dlrn rr»t 

!2.i« 

Trat hy%permunt ttmmi 

\mtMi. liiwait 

1 Mill: 

Mrtli< iiial 

S X.ij 



.Ifll 

ft aIrmirliMi 

12:>I 

TrtifH>'ip^inum 

MniiHl 

1 Mill 

M.N|i. i.ial 

> X-M 



88-1 

ftas Xltrlli*. BatUm 

12.V? 

TnifttjMtIfitt fmuri(iiiium 


1 OMl* 

\ 

ft \»ia 



.1211 

ft *\ I'dlm 

I2.VI 

TfUfKi huvfmt 


ON \i. 

Mr.liiind 

S \»ia 



.121 

ft as I'liJm 

I2.il 

Tnipti ntitan.\ 

J»uil \iil. f'mir U.>nx* 

ON \(; 

Niii 

S X.ia 



iXNt 

ft.itpiiiril. kiiiMliir 

12.V> 

Tm'iJia rifnttt/ia 

Mnrinild 

MOi( \ 

Niii 

Afriia 



.Vifi 

ft rfpiii^ UiVrfr*.* 

12i<l 

Tnrlutvinihr% rmvmrrina 

Stwkt^iui'i. liili'lnti 

a<;i 

M.-.I..NriL 

■<i; X*ij 

fu; 

lIHllIl 

21 1 

ft.rpiiif Xltall 

12.".: 

Trifiilium 



T••ru|[r 

ft X.ia 

oc 

Ur. XpiK itt^r,-. 

72 

ftrUhOninlt 

I2.VI 

Tr^tlium fnifftfrtum 

Mra»ln^r> I.Ihut 

l.n. 

rnrajef 

ft X»ia 


jirr. X|ii*. Iiwnrl? 

KiM 

ftral Imlimi UinuntiraM 

12.V) 

Tr^tilium AiIWk/hki 

lit Will dm 

IXf. 

r..ra^. 

ft X-iii 

o<; 

U-. Xpir.? 

f»10 

fthitf llm h 

I2rt> 

TVr/ri/iuni intrtnuilum 

Chni*iail.lm<-r 

i.Ki; 

liitlllC*- 

XI.-.IH 

XI. oi; 

l-r. X,.i. 

I2fi2 

ftliiN-CUrr 

I2M 

Triittlium ftfutmue 

Hr.M.nrr 

m. 

liifajt.* 

ft Xm« 

xi .o(. 

U*r. Ilnniim*-. X|h^ 

iliifi 

ftliiirf Jill. 1 ^ 1 * Kim- 

I 2 r >2 

TriMiutn rrftetn 

ft Uilr Clovrr 

li-.t. 

Mullqtlr* 

Xk.lii 

SI. Of. 

lirr 

till 

ftliiU* Julr 

I 2 r>:i 

Tr^n/ium rryupfiMtum 

IVrsion lJin«'r 

i.Ff; 

T..r..i»- 

Tunt|>r- 

Of. 


7'»2 

fthitf l.upinr 

I2ul 

Tnfoliam mltli'rtunrum 

SuU-Ui-t 

ii:o 

I'xUpl' 

XI.-.I.I 

XI 


7'Ki 

fttiitf l upinr 

I2f».i 

Trifitiium irurtiiitum 


in; 

TnrrtK** 

Mf.l.l 

<k; 


fl7U 

ft liitf MiilUrri 

I2rw. 

TrifimfUrt /n^ntuihicntfrum 

krni»*t«-rli 

i,n. 

Spi.-.* 

S X»w 

M. 

U-r. X|tir 

II. tK 

ft hitr MiiklanI 

l2f»T 

Triphitua Injoiiti 

i.inirbcrn 

lU T\ 

Fniii 

>K X«ij 



1121 

ft hilf ?uiMlalu(HMl 

I2(>K 

TftfJmftiion 

ai>nh.- 

*<TKI{ 

Tiniliri 

Xtiira 



'HI 

ft hifr Srrata 

L’r/) 

Tnftifryfuititi utlfiinfit 

Unttiilifpitl Xiftr 

CM \ 

IWh Hlr 

1 Xm« 




ft hitf S-rrffhitrr 

I2T0 

Tritnnf»ln hatlnunui 

I’anaiiirl Itiir 

nil 

I’tlar 

Xffuji 



1221 

fthitf IrjihniMa 

1271 

Triuir^ta rttnlifithii 

Burvimi 

Til 1 

f tkrt 

Xfnra 



«8K 

fttM Xtix-mli> 

1272 

Tnumfnta litmrriu>vi 

ljpiili.i 

Till 

1 |1h*T 

Xfiira 



lfK> 

ft ilil f.«thrt> 

1273 

TriipatHiiitm tuifnimm 

\Au 

nun* 

\*-l!i-1j|»|.- 

N.-.4 



in.'t 

ft ilil f:iia»-<mil«' 

1271 

r uiuluftt ftifftiru 


I uMI’ 

Mnlunul 

\vi.i 


Im-,- 

I2.l'> 

ftiliH.i-iu 

I27i 

fvuJfntum 

llaranM Hrnn. T*i Kcmii 

ii:i. 

T'llhrr 

Miua 



1212 

ftillifil-IM 

I27f. 

TtfAu ffijt. 

BullniUi 

T’l I'll 

Inrd^ 

Kunipr 


mtitl. hrv? 

121.1 

ftililUriM 

1277 

1 lliH Us tuhennui 

1 llui)Uf. Pj|u 1 i«u 

Bw: 

TiiUi 

N.-i4 

fH;' 

Uf? 

.VNi 

ftil.H:rifTiv 

127» 

1 ru-»rut 


m ill 

IKr, i'aiifi. 

SK X-ia 



.V)7 

ft iliH.nlTrr 

I27'» 

f r.^„i 

Vraimnii Kilirr 

1 Hll 

llkrr 

Xfru 4 



foil 

ftil.lf7.lt.4l 

I2HI> 

\ aci iMum fukrt 

UiililMl'Kiii* BKirltpm 

CKIC 

Iniii 

N Xmrf 



'NW 

ftil.llhur I'alni 

1281 

1 ni^frvuj m4ulaf:nMwirnM.* 

?^Ki(ii>h Tatnaririil 

lU II 

liuil 

Miirii 



1071 

ftil.H.udva 

1282 

Ini*i'/li< fJtwipUin 

\ riciilla 

OKC 

K-.rnii' 

Nr.4 

<m: 

Imt. Kilanna 

1072 

ft i|.lf;uil>a 

I2»:i 

1 tttr/m intUt ‘1 

IikImm r»|M*t 

hin 

Hr^in 

'' Xvia 



710 

ftihiUlllMr 

1281 

1 iiuprthi rtitaiin ionim 


K1 I'll 

Oil 

Sr, A 



Kitt 

ftihiom 

I28.i 

lirniwiM (jMfAWmtnfirn 

kmka Oil InmiM-rst 

(.mir 

M.-.Ih'kuI 

XCni 4 



270 

ft ll.i l\l|l4tU 

I28f> 

1 rrnawiM if^ilamensu 

Ncmoniii (oljmrn«i% 

I r»MI> 

Oil 

'* V»M 



277 

ftihl I'aiKita 

1287 

1 rtiirria 


mv 

M«m 

S V-*« 

sf;.fK;'' 

Ilf.*' 

278 

ft il.l l'ii|uitu 

I2IBI 


NnHlr-Howrml 

IK. 

Tr.»i..n 

uu 

XI .in: 

Iirr* 

‘»ft2 

ft il.i l*tii.M(.fi Truil 

l2Jt‘> 

1 M'M 

l'uq>l«* \rl«'h 

I.K(. 

Knm.m 

M>*<lil 

XI. (N. 

l.r>* 

107 

ftiMl’iiw-afifilr 

12'«> 

\ kill damuirpii 

ft...K|.Nl \«-lih 

IK. 



XI. in: 

Ihi- 

1 l.'t 

ft il.lN-.omf 

12'H 

1 H-ia nrilia 

ll•lt(■( Xhi'Ii 

IM. 

1 ••!«(«- 

M..I.I 

XI .IN. 

llTT- 

1110 

ft il.l N**onw 

I2'>2 

\ M ill fiiiMI 

linuiiilw jii 

I.K. 

V.-K'-mI>I<' 

M.^lil 

XI .in; 

liif 

.117 

ftihlXam 

I2*« 

1 N'lM immiinlha 

Banl \H«'h 

i>:<; 

Kom;:.- 

Mitlii 

XI. in: 

lirr* 

.'i20 

ftihlXatiM- 

I2*»l 

1 iri<i ^taniNMNO 

llimpinaii rli-h 

i.k; 

K.mm.* 

Mi-I« 

XI .fN, 


1218 

ft iiulinill IXilm 

12‘K'. 

1 fi'tVi 

IU<i.k|>HlVw.-h 

ik; 

I*.ir.»<i- 

MitIiI 

XI. (N. 

iltMS t. Ur 

727 

ftinr I'-lirt 

I 2 '*rt 

1 trill latun/iuiliiii 

(.iimmiHi Xfii'li 

I.K; 

hirajfi* 

M.<il.t 

XI .IN. 

iltM*.'!. Ur 

1071 

ft itiKnl Bran 

I2*»7 

1 tTM 1 ‘JUrui 

Main. \ cli^i 

m. 

h.r.ui- 

Mi*<l.t 

XI .IN. 

brr 

-ilO 

XX iii^l X jni 

12‘UI 

1 igna 

Utilli ll**jn 

i.k; 

Vt-P-Uhlr 

> X'lii 

XI. (h:? 

Ih*.- 

m 

ft inl.-r I'urtUnr 

12*»'» 

1 t^rwt ctticiinUUi 

AiUuii Ib an 

IK. 


X'ia 

XI .(Nl' 

Ih^- 

1127 

ft iitf.-r Sui.4S 

l.TOi> 

\ iftta luleiJii 

n»ln in|>l<- i|tiM 

IK. 

Ktirsei- 

Xu*l 

XI .IN ." 

li.-r 

171 

ft iiiln'i i;ia«-. 

i:u>i 

1 i/tita 

BIm I (.nirn 

I-K. 

V«*prtal>l«- 

•* X»I4 

XI .(n; 

lim’ 

.'>11 

ft inlrt'»*Kiirk 

I:ui2 

1 f^iHi itrmUa 

foil 1.IIII IVu 

I,K. 

Tiil..*r 

" X-14 

XI .in; 

lirr 

1171 

ft .-i.li.tUirt 

i:wn 

1 tftmi 

MllllH Ib-HM 

ik; 


Xmh 

XI . IN 

lift* 

117 

ft.mlt l>4V.|ui» 

l.'IOI 

1 j|!tM umMliUii 

Kli ■■ ltr‘411 

IK; 

\rjt»*tj|ilr 

•t X«4 

Xl .IN. 

Ur 

I2*N> 

ft<N>lt|MMl Xrlfh 

i:tn> 

iigitit unguirfilMii 

t>IV>|H'U 

IK. 

Ktifap* 

> X«4 

XI .IN. 

iirr 

:i2.-. 

ft .itnitrf.l. Tiuiiilf 


li^rxf uMfuitnlnUiAtliminm 

C.{llj4l« 

i.k; 

X«*]B>'6ll>l.' 

** X«I4 

XI .IN. 

Ifr 

i.18 

ft.mitiM»l 

i;m: 

l<cnii tmewtTtintti/trufmfiniith'' 

1 jnl'lonj: Brvin 

1 K. 

X<T[rt4lhlr 

X-14 

U.IN 

Iirr 

1110 

Xiii'i-ui;iini 

vm 

\ i^Mi irtilliilu 

lointl'i Hr.iii 

IK. 

Tuln*r 

Xfn«'4 

XI .IN. 

Ur 

laio 

X m-tin NrtiuUrn 

i:mx* 

1 incit Htiftitr 

rjimnii>«i BrnionkU- 

aihh; 

Mnlirinal 

ft Xxia 



20‘> 

X 4»tU«- 

t;uu 

\tnJo trhifffv 

li-lllitlOillli'r 

MMII 

ft. IS 

N.i<l 



•JtlT 

Xitni Hf.iii 

nil 

lir.rfo >ii,. 

\ in>lii 

MMII 

fimhrr 

N.^il 

fN. 

Av.lHf 

.52.N 

X ant|H 

ni2 

\ilrlturM (MiitniKui 

Mw.i}>ul1ci 

S\|1) 

ft as 

ft Ur 



i:«i7 

X ji.Mjvirc Ih-an 



Vilrx Vi'isuiwhi 

Mim 

Mrthrmrtl 

Xm4 



1117 

X Milut. litmiM 

l.ut 

l«i» foliiiuiifili‘1 

Muh Jitiiir (oiilN- 

vir\ 

hsiil 

?* XM4 

XI .fN. 

flv.lii-r. X|.i> 

•)7« 

XriliMt Manii- 

1.115 

iiHfinlsriii witleminrit 

ILiiiiliiirj OnMinilniil 

l-K. 

X ■•(<•{ >il>l*- 

Un.« 

XI ,«m: 

U.I- 

121? 

Xrlbm Omip 

1116 

Saulhitrrhii^i huililii 

\«i-.(Ouiit 

WNT 

Ki-«m 

Xuai 



.’>12 

Xr^ltn. f•UlllrH Xuni 

1117 

\unihmitmti ipp. 

1 JUliii. Tamtia 

U<S(. 

Till NT 

N>44 



701 

X rlhn. lajpinr 

1118 

Kfru^firrmum minmhiuitum 

liainlfUlJti IV'kit 

S\I1 

Imtl 

ST X-ia 



7ol 

X rlhiti Ti*j Tri*r 

iii<) 

\imrnui nmriitunii 

Miniittaiii limit 

(M \i. 

Iniil. Oil 

Nn4 



Kill 

X rikn. /rilrwiis 

i:w 

\ tltifiiii itrlbiuftiin 

(oiirH-M l'r|>|a-i 

INNO 

>|«.T- 

ft Xfr 



OIK 

X niMi-- 

1.121 

) urrn 

IuIhu. I//Ilr 

U.W 

X .*^i*{iililr 

Nrtil 

SC. ik: 

nidlh 

11 If. 

X rrU .If Mariii 

i;i22 

) luTfl fiiamrntiiMi 

\mia 

M.U 

I'iUt 

N«hM 

si;.(N. 

fittllll. I’llHHlilH 

70.t 

X rtl-i Xl.it.- 

1.12.1 


r.oni, Milix 

IHU 

(a-rral 

Nr.4 

s4:,in; 

»ifl.i.lN1- 

702 

X rrlu XIji.- Mifnt. 

i:i2i 

/iKgtltrr lUfuiaiuiuif 

Bllll|c)r 

/INI. 

Mnli<i«ial 

*4. X»i4 

in:? 

l-H-r 

701 

X.-tU Moii-Mmi.. 

i;«:> 

y.tngthri 

Mt«^. Giri)irr 

ZINi; 

S,.iM- 

i.lfWII 

fK:;" 

l-r f 

2'..*t 

X Liii|(-X kiiif 

I12r< 

/ingiJtrr iifjiiintitr 

(>iii|irr 

/iNi; 

•.(.irr 

S Xmj 

fH;i- 

l-r> 

070 

X.--.. 

1.127 

/.iNgiltrr nyumlfi 


/INI. 

Miilintul 

sT X»i4 

fK.'r 

1-s-i- 

1122 

Xu. (4 

1.128 

/uiphui jujubii 

niiitTM* hall* 

KIUM 

Tniit 

»• X.U 

ik; 

K4^p. Iirr. fit 

1210 

/mui\kii l^ifut 

112'J 

/iztfJiui imiuruiiiim 

Imltmi JujiiU’ 

ItllXM 

Truil 

ft X.iu 

in; 

i*a->p. iiri’. lit 

l.tl 

/a|uillii. ft iiilri Spi4«li 

li:«i 

/c<rni<r spi>. 

Bailtaili* Biiim 

i.k; 

InCHlt** 

N.-.4 



K>t 

/nliKirv 


1!!2 


Copyrighted material 



for iHMJJwnoy sfrvkes 


Ap|M‘ii(ii\ n 


riiis A(il!KKMKVr, nuidc lliis dii\ of 19 . Iirtwrcii 

o f 

(SlivH \o„ K.K.. I*. O. |t()x No.. (H htt. lion, Townsliipl 


(City. Idwn or \ illa^ie) iPnniiiro) (I’oslal Codo) 

llio imidm erol tlu* nop lo l>o |M»llimi(ed. ImoiiuifUM kiumn u> llu* IM{OI)l and 

(►! 

(Slivci i\ No.. li.K.. P. (). Ho\ No., or h>t. (]on. X Townshipl 


(Cil\. Town or \ illajio) {Pnninco) (Po>lal GkIo) 

tlio lx>ekee|)or who will furnish l)oos for [xillinalion son hoivinaflot known its iho HKKKKKI’KH. \\ ITNKSSri I AT: 

.1) Tfic* PROUI CFR u€$rtu*s fo lli<» follotruic/ siiputaiions: 

1) . llo/Sho >hall |»in llu* Mini of S |M‘r rokiin amounting to a sum 

total of S lor |K>llinalioii son irrs on hortarHs) of iCnipf at 

arnmliiig lo the following: 

(liiN alion - Slroot No., d)K \*A. ( j»n. rown>hip) 

SCHKDl LK A: I'o on/U-loiii' 19 and nid on/altrr 

19 . OH 

S(^HKI)l LK li: Id l«*<;in at tin- tiiiif of (r,«i. Inid Inrak. 111*^ or 2iy/f hltKinO and e*nd at llio timo 

of (r.jj. ^Xy/f |Mia! fall orrrinjilrlr |wtal fall) as drlormined h\ tin* l*H( )Dl (^KH. 

llu* Pit uliicor shall nolif\ llir Ho*kf«'|H ral ku'^t -Ihhiis iiKHharu oof when he/she «*sliinles the liee> an* loU'iiio\ed. 

2) . Pavmenls are lo 1 m* made in (e.^. cash or eheek) lo llu* HKKKKKPKH al the raU* of 

** of the ap'tvil amount when ihe tipieement is si^iml: 

** wlu*n ihe Imm's an* niouil onto l«M-alion: and 

** williin *'** da\(s) after llie nop is hanestiil. 

3) . li any |K*slieide i> to Im* applinl hy pound or ai'rial n|uipment to an\ <‘mp. plant, weed or oilier a^riniltural 

[inNlnrt within **** |^,|, ,,j ||,(. liK alionofihe Uvs. llu* PHODLLKH or his/lu rajienl will notif\ the HKKKKKPKH 

at leasi * hoiiis in ad\anee of ihe |M‘slu*i<le appu-ation. l lu* iih’IIumI of nolifiealion will Im* hy calling eolleel 

{M'rson-UeiM'iMm via l(*l(*phoiu*. or in |M*ison. 

9. .‘^Imnkl the PHODl LKH notilv the HKKKKKPKH to move his/lier lM*es lM*<-auseof |K*slieid<*s lM*in^ applied, 
and the HKKKKKPKH elects to nuwe said Im*cs lM*canse ol the hazard prt‘.senU*d. the PHODL (J!H shall pay ihe 

Heekee|M*r ^ |>er colonv for mo\ in^ the lM*e> oiil. and ^ |M*r colon) for moving llu*m hack on. wilh 

said amount included in the fiavnieiit lo In* made . 

3). The PHODl (iKH a^n*es to c<Miipensale the HKKKKK1*KH in the amouni of S for ea< h hive 

daiiiap*<l hy spraying operations overwhich the PHODl (iKH hasconln)!. incliidin^aerial sprav in^ofailjaienl fields. 
Kuilher com|M*nsalion will Im* given to the HKKKKKPKH for anv losses innirr(‘<l ihmugh hives being kii(K*ked over 

hy machinei*). vehich*s. aiuPor livt*sliM k. fa)m|M*nsalion to the HKKKKKPKH shall Im* al a rale of S for a lost 

colonv and S for the total d4*slmclion ol a hive, wilh ihe said amonni includnl in the pa>menl lo 

Im* made . 

(9. Die PHODL CKH ap’ees lo make a count, or have a i-ouni made hy his/her agent, of the colonies of Im'cs 

pUu eil on liM ation within davfs) alter they air plactsl in onlcr loaM*ei1ain that ihe slipiilalt*d iuimlM*rof (*olonies 

have ht*eii providcMl. The HKKKKKPKH may Im* pivscnl at such an ins|Mvlion if hc/slu* so nMjucsts. 


* A usual nolifiealion time heing foily-tughl ( fH) hours. 

** A usual hn*akdown in {KivnienI In'ing one-lhinl ll/.*9: (1/^9: and (1/3). 

*** \ usual numher of davs lM*ing ten (10). 

**** \ usual niimlM*!' of kilom(*ters U’ing two or tlm*«* (2 or 3). 


it/(Ailuntlnf /VfmM iu fht' TntfM*'/' Hl'i 


7) . riie IM^ODLCKH shall pn»vMlt^ an a«lei|uat»*. iiiicontainiiiate<l water supply to l»e ke*pt tivailal)le for the 
l)ees at all times when Ix'es are on IfM-ation. am! kept a> ailahle in the siinie l(K“ali<jn at all times durin^i the life of the 

a(;ki-:kmi:.\i: 

8) . llie PKODl C!KK shall pnn ule adequate atrt'ss n>a<ls into the field U» lx* (M»llinaled. they they must lx* 

suilahle for loads weiphing up to * toils. 

9) . Hie IMfODl (]KI{ shall )in)\ide all lun'essaiy riiltnral and n*int*<lial measun*s to assuiv optimum plant 
prowlli in said crop. 

10). Tile PIU)l)l (^KH apre<>s to assume liahilil) for 1 h*«* slinps while die 1 m><*s aiv on siiid hx alion. 

The BfJfJKKfJPfJfC hert»hy agt^ees to the MtowUtg stiputatiotva 

1) . The HKKkKKPKR shall pmviile eolonies (x^r lieiian* on Ixx tart^s of the emp herein 

ilescnlMxl. aiul for the fee t'slahlisluxl. 

2) . The HKKKKKPKK shall place the eolonies in the Icx atiiHis in thefield(s)as nHinesleil l>\ the PKODL (^KK. 

'Iln* disinhution |»iitteiii ol the hives shall lx* 

T). Ha\ inp due resfxx t lor the pnijx^rty of the PK( )I)L (^KK. tlx" KKKKKKPKK shall pn>fx‘i ly maintain aixl eaiv 
forlhesciid Inx^s pnw idinpall iUH't*ssaiy lxx*kt*(*pinpt*(|uipment. trans|x>rtation. and laUx to maintain sai<l Ixxn pnnidinp 
all iXH'iSiSiuy iMn'ki^epinp c*c{uipment. trans|N)rtation. and lalH>r to maintain said Ixxsi in pit>}x‘r pillinatinp eoixlition. 

1). Till* KKKKKKPKK shall pmvide a current, valid. oHicial lns|M‘clion Ortificale showinp frciiiom from 
disease on all (Miloiues mmed on l(N-alion for |>ollination. 

•S). He/she heiehy certifies that each colony is (juixm-ripht. 

6) . Kach colony to Ix^ funiislied hy the KKKKKKPKK shall he comjioseil of at least * *“ sujx^rs. 

7) . All colonies placed In the KKKKKKl’KK shall metH a minimum stn*npth re((niiemenl. 1lie PRODl CKK 
ri'sem^s the riphl to enpape the services of a Certifiiil Apiaiy lns|x*clor to assess colony slreiiptli acconliiip to the 

coloin standanis outlines in Ap|x*ndi\ I. Such an insjx'ction shall take place within *••• day (s) after the 

colonies have lx*en placed for (x>llinalion. 

8. Should tlie KKKKKKPKK fail to deliver the numlx'r ol colonies ol lx:x*s as sjx^cifieil in this Apieemenl. or 
should till* colonies fail to niivl the minimum c|uality n*<|uin‘ments as set forth hendn. or should the KKKKKKPKK 
fail to deli\er the Ui*s on the date speciritMl. he/she agrees to )xiy the PKODl (TTl as lu|uidated daniapes the ivntal 
lii* |K*r colony that he/she has faili*!! to deliver, not deliven^d on the date s|x*cific{l: or yvhii'h has lailinl to nux‘t the 
<|uality nM|iiirements. Howeyer. the li(|uidaled damapi^s shall not hi* im)Misi*d if the total ({uantity promisixl an* 
delivcn'il within***” day(s). 

9) . I pon Ix'lnp notified as set forth in Paragraph 8. Section A alMwe ol the imminent application of a 

|x*slicide within * kmis) ol the liK'alion ol .siud lx*es. the KKKKKKPKK shall immediately lake action to moye, 

or protect, his/lier lx*es so the |x*sticide ma\ he applied. Should the KKKKKKPKK elect to leaye said lx*es on 
liH'ation after pio|x*r notice. lie/>he shall hold the PKODl ('KK hlameless for any injury which may iM‘cur to the l>ees 
anil/or the hives due to the |x*sti<-i{ie application. 

10) . Ilic KKKKKKPKK shall moye said lx*cs olL lixation within !t5day(s) fnim the teniiination of 

this Apreement: otherwise, he/shc agn*es to |>a\ S |mt colony per day for each day evtendinp lx*yond the 

day after the teniiination date of this Aprei*ment. unless olhei*v\is«‘ apreiil u|>on and stipulati*il in writing 

hy the PKODl CKK and KKKKKKPKK. 


• A usual loiid w(‘ipht Ixdnp \ tonnes for a large orcfuml. 

*• DetxMidinp on the cn>p, distrihntion may lx* in pnaifis of four (a |xillel lixid) spread evenly, more or less. 
llmHiphoul. or in largt'r gn>n|)s 

A usual numlxT of su[x*rs lx*inp two (2) 

*”“ A usual luimlxT ol days after placement lx*inp tlm*e to live (8-5). 

A usual luimlxT of days lx*inp three (.8). 


IK-t 
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C) . Should iiti) nirilnrtei’sv anseiiennmdtM. ihe |wrties lion'lo.surliconlmvors) shall U^sotllwl by arbitration. 

Ku('h pally within <lay(s) shall apjHiiiil one arlhtralor anti the twt> so named shall select a thinl. ami the 

tiet'isioii of an\ two such arbitrators shall U‘ binding ii|hiii the |»ailics heU‘U>. The cost olsu haii)iti'ationsliailU‘ divided 
cttiutlly U^\vel•ll lb* |iailies. 

D) . Title tt) llie said b*ctare(s) shall at all limes lemain in and vesletl in the PRODLCKH 

Title to the said coloni»*s of anti l>eeket*pinp m|uii>nienl shall at all times remain in 

and vesu^d in the RRKK.KKl*KH. 

K). Iliis Apvemenl. and any apjx*ndices or exhiliils attached hert*lo. shall c«iiLsiiiuie the full and complete Agreement 
between the fxiilies. and an\ imxlillt ation of this Agreement sliall lx* mutually agretxl upon and in \witing. and 
sigiuxl by all parties to lx* Ixnind ifiereby. 

SK;.\KI). SKMTI) ami !)KI.I\ KKEI) at . in the Province 

of . this day of , 19 . 


|\olar\ Public <ir W ilness) 

(B«*ekeejx*r) 

(Addn-ss) 

( Addn’ss) 

(Notary Public or \\ itiiess) 

|Pnxlm*er) 

(Addn-ss) 

( Addivss) 


« A usual immlx*r of kilometers IxMiig two ot tlmx* (2 or 3). 
w A usual mimlxT of days fn>m the temiinalion dale lx*ing three (3t. 

The slandanl nunilx*r of tla\s lx*ing ten (1()|. 

8«f PItnist* refer to the following jwgt* lor an alleniati\e signator) |»age. 


PifUiiuilion of (MitiinU'd Plonts in the Tropit'S m IRS "i! 



(|{et*kt*t*|>er) 


(I’nxluccr) 


I'clephone No. . 


I’rovinc-e of . 


Coiiiilv of 


[KTsoimll) ii|)|ieun‘il l)efon- nii- and i.*; kiKivvn lo me (or sali-d’aclorily proven) to U- the ix-nam deseril)evl in and who 
exeeuted the forejsiing instniineiit and he acknowledjsxl that he exix iiUxI the same for tlie purpose theivin eontainevl. 


(Notary Pu})lie) 


Prov ince of _ 


(iountv of 


|iersonally a|i|K-ai(xl liefon- me and is known to me (or satisfactorily proven) to lie the (lerson descrilied in and wlio 
executed the fon-jroitig insinmient and he ai knowledjaxl that he executed the same for the purjiuse therein cxviitained. 


(Notary Publie) 


* Please note that the alsne has Iveeii taken fnmi I .SA pnittK-ol. 
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COUPW STRE\fiTH STWO IRDS 

A. HKU)(:()l-()\^ SIA.NDAKDS 

1) . A STAXDAKl) or (iKAI)K *A* HKIJ) coloin of l«*e> lor lu'ld |x»llituilion puiixist's sliall 1 k' one tliat contains 
the roMowing: 

(a) '^0()0st|Uim* iix-h<*s((»r2lM)IX)s(jiiarcccnlimctci'siofroinl). llK)Os(jiian* im-h»‘s((').^X)scjium*<-cnlitm*lcis) 
of (‘oinh. nhich shall l>c <H’cupuxl hy li\e hiKHxi. 

(b) Knougli lx*cs to cover all l)riKKl well. Tlicrc shall l«* ctioiij'li iHxsi lo (’over ten (10| standanl frames of 
cornl) well. 

(c) 4.3 kil<^mMlO|NHmds)<»l hone\ or ilsci|ui\ahml of suitable Ih‘c I(nn) other than txillen or |N)llen snl>slilute. 

2) . A CiK \DK *IV KIKI.I) <‘o!«in\ of Im'cs lbrfi<»ld ciop |xillination shall U* one that fails to meet tlu* uijuiivments 
fora standanl Held (‘olonv b\ iu»l more than 239f on iheanHumt ofU^es and bniNMl. but does meet tlu‘ other re([uiivmei]ts 
of a standanl field colony. 

H. OUCH \K!) COLONY STANDARDS 

1) . A STANDARD or (iUADK *A‘ OR(41ARD colony of Ixx-s htr orcliani [Htllinalioii |niqx»ses shall l»e ime that 
contains the following: 

(a) .’MXM) s(]uare inches (or 20.(KK) sqnan* centinielei's) of comb s[)acc of w hich ()00 sqium* inclM*s (4(KM) 
sfjuaiv c(‘ntimet«*rs) shall lx* <x*ciipi«*<l by live Imxxl. 

(b) Knougli bet's to coverall bitMxl well. There shall Im* (*nough hei's to I'over at least si\ (6) standard frame 
of comb well. 

(c) 4.3kil<^ains( l()(N)iinds|oriioney oritst^iiiivalenl in suitable Ixv^xhI other than |M)llenor|xillen sulistitute. 

2) . A (/RADK ‘B* ORCHARD colony of bees Ibr orchard |M)llination shall be one that fails to meet the 
n*<]uirc*ments for a stamlard orchani colony by not mon* thiui 250i on the auKKint ol Ix't's ami bnxxl. hut dm*s im*ct 
the other ixHtuin'inents of a standanl <»rchard colony . 


h'lMiliHite: 'till* liilTi'n'iit slrt'ti^lis n‘<'npii/i* lliul (•n'luinl |Hillituilion lakt> pl{K'<*earli«‘r in iIk* ^prin^. ulieti ('oliHiir-* an* ixrf a> -^Inxi^a^ lairr 
in ihe st^asiHi. uiit-n Held cni{> {x»l]iiuilioti is re<|iiin‘({. 


Pollistation of CuU'H ntfd in, ihf Tnt^nc$ UJT 3l 



DEFiMTiO\ OF TERnS 


BHOOf): TJip inimalure stiijies of l>eos — lli^* eggs, lanae ami |H.ipae <le|KJsil«l in ihe cells or conih. 

CKKTIUKI) (iOVKRNMKM’ APIARY I.\SPK(n'()R: Aii\ qualifieil iMMSim uiu) has a giHMl working kno^^lt*<lge 
aiNHit l)ees. their fiabils and diM'ases. and who is ofncially a|)|Miintt*<l h\ a go\emment agent*). In addition, he/she 
shall have a good knowletige f»f |K>llinalion practices where I>ees are used. 

COLONS : One hive or nest and its <*ontenls including frames, comli. honev. l>ees. ImMxl pn>visions, (xdlen and a 
laying (jueen l>ee. 

COMii or CELLS: Hie wax or other framework in tlie liive or nest in whu li l>ees store honey and |M)llen. or in which 
the bnKxl is reared. 

HIVE: Any recat»tacle or container, or [wrt then*<»f, made t>r t)iv|»ared (or use l>y l)i*es, or inluihiled by Ih*cs. 

OEFKdAL INSPECTION (CERTIFICATE: A < ertilicate issued by a duly authorizetl At>iar\ Inspec tor staling the 
results of an inspfrtion for the pies<‘nce of Ixm* cliseascs. 

PFCSTICIDE: Any sul>slance or mixture of sulistam es intended to I>e used for ilefoliating |>Iants or for preventing, 
destroying. re|)elling. or mitig'ating insects, fungi, bacteria, weetls. rtHlenls. predator) animals or any for of j)lant or 
animal life that is a (>est. and w hich may infest (>r I)e deterimenta! to vegetation, man. animal or lunis<‘lioIds. or I)e 
pn»sent in any eMivimnment. 

(^lUEER-KKCHT: A colony with a fertile c|ueen laying weaker eggs. 

SL PEIL A ix‘ceptacle in which l)ees store sur|)lus honey; so ciilled l>e(*ause it is j>laced “over ' or alxwe llie l)nxxl 
chamIxM*. 
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EVTKVTf: OF SFKWC’F.S OF OOIJJMS ITIOV 


Li nitrnlr riitiv 


(nniti) 


in cIviqiM*. nu\ IM{.. B. K) 


proviiic**. < <Mh* |«»stal) 

piXMliictiMir (1<* la ( tilUiiv a fjolliniser, ci-a}m*> ap|)«*l<'‘ I.K PHODl (i I Kl W. 


ei 


(noni) 


in < iiM\ H.K.. B, B) 


(villt*. piDviinr. ( (Kle |K»stall 

apiriilliHir foimiissanl les aBrille^ |MJiir l«*> s«‘r\i(*es d** |M»llini>alioii. ri-apres appcl^ I* I.TKl K. 

IfllC* las (l(*u\ (Kiilie> < nm i«Miiu*ni <l»* re (|iii snil r 
\). I.K PIU)l)l CI'KL B S‘KN(, A<;i: \: 

1). Paver la soninM‘d<' S |Kirr«>lonit‘ H»it im monlant lolal ile $ |Knir le^>t*n ieesde |M>lliriisation 

sur line su|MM'fieie tie lu*< lan‘s <«i il eultive du/des et (|ui esl sitiiee a Tadivssi* siiivanle : 


iemplaeenienl - rmmem ei\ i<jin‘ <)L loll. >eIon le ealemlnenle >t*n ire Miivant: 

CAl.KNDRIKK A) : Seniri* ilrlxilant le on a\anl Ir 19 

♦*1 prenaiit fin le oii apres le 19 

C ALKNDBIKB B) : .SMTire delmtanl an momeni de ip. IV-« laiiimui 

|IKy INI ‘2S^ tlr IVlTliHicM’nuvi 

et pnaiani fm au nionuait de lathutrtl»‘<>iKr >. |wial*-. 

la (iiiilr cir lou'* i«> |K*lal>*^l 

Ije pnjdiU’t4‘Ui'doila\is<TrapiriilUHiraii nioin> ' iHain'sdavaiHv loiHiinlju^e !«* rnonwnl vtiuid^* ivtiivi Ies4-nl(nii4*>. 

2|. Paver a rapirulleur (eii arg<*nt mi par i lirquel le/Ia ^ dii inontani Uital a la sljitialim* <le 

I'entenle: la soniiiie de S an iiimtMMil on les alH'illes soni amenees idi«*z 1«‘ prodiieUnir: el la somine 

d<* S- dan> les ^ j«uirs snivanl la reeolle tie la riillim* |H>llinisee. 

.1). Aviser rapirulleur an inoins • lieuirs iTavanre Kasqu il prevoil rapplii ation lrm‘j'tre 

on arrienin* ile pestiride siir line rulUire. line planle. iiiH* iiiaiivaise lierhe on snr lonl aiilre ))rndnil ajjrirole 

(|iii se lronv4‘ h iimins de • km dr reniplareineiit des rolonies, l.'avis est donne a Papirullenr par 

lelephone (Irais \ires) on en pt^rsonne. 

l)Payer a rapi< nlleiir la soimne de S |»ar rolonie jionr le depla<*enienl di-s alM‘illes lois(|n’um* 

appliralion de pesticides pres«‘nle im ris(|ue el (jii<* rapiriilUnir deride* de deplare*r ses <-olonie>. I.e- pnMlnrh'iir 

sVnj;a«»e egalement a paver la soninie <k* S par e eilonie pour le re*lmir <les aln'iHes. 4*1 d‘iiirlim* < e 

monlant dans le |uiiement qiii <loil e'lre fait le 

' Un d<'*lai raiseainalili' 4*sl ih* IB lumivs. 

- I ll veiMMiienI raisonnaBle est nn tiers |1/3| |Minr elui(}ne |t;iiein4‘iil. 

I n (Wai raiseamalile* est <le lOjjiiirs. 

* I ri d<*lai raisetiiiialih* esi <le IB lu*im's. 

■' L lie ilislanre rawMinahh* e^st de 2 it A kil4mi4*tn*s. 


PoUinotioii tij CuUiniU’il P/aaM iu ihr 7 ni/«r-.vm ltt*> ;I 







5) . I^iyrr a raj)irulu*ur un nioiitaiU compensaloiiv de $ [H)ur chaqut‘ nu lu* fiulomniagfV au 

{ (Mil's <ruiU' piilverisaliiMi par priMliirhair. y (MMiipris la piilvrri>aiuM] aoririiiu' d(‘ <*hamp^ adJaciMits. 

il t*s| po>sihl(^ (jur drs riichfs soicnl dr!iuilt*s par d<*s macliiiK's. dos \V*hiculos <mi dcs aniinaii\ de IVrnie, el 

le prodiu leiir sViiga^e it payer a rapieulteur un monlanl eorii|HMisal(>ire de S par eolonie perdue el 

de S {MMir ranearilissenieiil eoiiiplet d ime ruelie. el (rinelure eelle Hminie dans le 

paiemnil (|iii doil elre fail le 

6) . (amipler cmi deinandiM' h son mandatuiri* di‘ e<Mnpler le mmiiire de eoloiiio plaeei's dans ses i‘hanips 

dans les joiiD^ sui\aiil leur inslullalion. afin de s'assiirer (jue It* ncMiilire de rolonies indi(|iie a Men 

ete fmirni. I'afiieulleur )h*uI assisler a eelle iiispeelion sur demande. 

7) . Kournir line <|iianlile siiflisarile dVaii potable a la(|iieile les abeilles out aeees durani loiil la 
dim^e tie IVnlenle. 

8) . KiMirnir de bonnes voles d’acees dans les eliamjis a polliniser: elles doiveiit sufjporler des eliargt's 

allanl jiistju a " lonnes. 

9|. INendre Imiles las tnesiires eiilliirales el etureelives neeessalres pour assuit*r la en)issanee opliniale 
de la eiillure vistV. 

10). Assunier la responsabilile dt*s pit|ures failes par les abeilles pendant leur sejour sur ses terrains. 

H. i:\na ijki hs*k\(;\(;k A; 

1) . Ftnirnir eolonies par lieelare sur line supeiiieie lolale de lieelares afin de 

polliniser la eulliire susinenlitmnee. au tariff elabli. 

2) . Disposer les eolonies au\ entiroits du ehamp imli(|ues par le prodiieteur. Les riiehes seroni 

disptistVs ^ 

3) . Respecter la propriele du producleui*; Men s’oeeuptT de ses abeilles el (oumir t(Mil le inalt'riel la 
niain-d iMHiviv el le Iraiispoil re(|iiis ptair niainlenir les abeilles dans de bonnes eondilions de pollinisation. 

4) . Avoir eii sa possessitui un eerlirieal trinspeelion oflK iel reeenl et valide i|iii altesle tjue Unites las 
t'oltmit's d’abeilles Imiees jKiur la iMillinisalion sonl exemples tie maladies. 

5) . Atlesler t|ue ehatjlie eolonie posst^de une reins feeotule. 

6) . Kournir des nielies doiil eliaeiine esl eoniposee iruu moins Iiausses. 

7) . Placer des eolonies (ralH*illes (|iii onl IcMiles la force mininiale ret|uise. Le [irodueleur se resene 
le droit de faire appel a un inspeeteur de rueliers aulorise p<Mir e\aluer la force de la eolonie. selori les 

norines etablies a LAnnexe 1, L*inspeclion doit se faire dans les “ joui*s suivaiil rarriuV des al>eilles 

dans les champs a pt»lliniser. 

8) . Kn cas trim apacile de li\n*r le lurnibn* de colonies trabt'illes indiqiie dans IVnlente ou de livrer 

les coionit's ii la date jireuie, on lors(|ue les colonies ne repondeiit fnis mix exigences niinimales de ((ualile, 
LapiculteursVn^ap* a payer au prtMliicleiir. a liire de d(Mninajjes-iiilerels. le nuMilanI de la l(H alion |MMirclKU|ue 
eolonie qui ri'a pas ele livree. (jui n‘a pas ete livree a la dale prt'n ue dans rcnteiite (MI (|ui ne re))oml pas uux 
exigences de tpialile minimales. II esl enleiidu que les domma^es-inletels ne sont pas exiges lorsque la (|uanlile 
lotale d*alM*illes esl livree dans les jtuirs. 


'* I ne chaise raisonnable esl de 4 lonnes |MMir un jjrand \eqier 

■ S*lon la cullunx les nicht*s iH*u\enl elre dis|M»stH*s en j 3 ‘«hi|k*s tie qualre (pleine palellt*) a ejiale disUinct* les lines 
dtN aiiliis plus oil moins. ou irnmies en plus giands ^-ou|x*s 
« 1 11 nomine raisonnablt* t‘sl de 2 hausses. 

I n dalai raisonnable apres rinstallation t‘st dt* 3 a 3 joins 
I n delai raisonnable t*s| de 3 joins. 


190 


Copyrighted material 



9) . A la rt'*c<*|)lioii rl*‘ l*a\ is inili(|ue an parajiraplir 3 <!»• la set hmi \ |Muir a\Hir appliralion dr 

prslu idi* s(*ia faitr a nioin> <lt* kin (U‘ rrniplacrnuMil dr mrhrs. rapirullriir prrnd inmirdialrmrnt 

Irs nirsiirrs nrrrssalirs (HXir drplurrr on poilrgrr m*s alM*ill<*> a\anl ijiir Ir Irailrniml ail lirii. LorMpi'd drriilr 
ck* laissrr srs alirillrs siir pla<*r apr rs la rri-rpllon dr l*a> is m honnr rl dur (orim*. rapirullriir nr [muiI triiir 
Ir prodiirlnir rrs(Mmsal>lr ilr loul ai-ridnil dnnl pomrairnt Mrr virlinirs Irs alxdllrs mi Irs nirhrs par suilr 
dr Tappliralion dii prsliridr. 

10) . KnlrviT Ir?^ alK*illrs rlr> rllanlp^ dan Irs jmii> siiivanl rrxpiralimi ilr IVnlrnte: siiimi. 

I*apiruhrtir [>a\r an produrtriir la sommr d<* -S par roloiiir par jour pour rhaijur jounirr siipplrniriilairr 

a roinplrr dii irnir jour aprr>. I’rypiralioii dr rmlmlr. a inoiiis ipir Irs driix parlirs aim! slipiilr 

(Taiilrrs <lis]>osilions par rrril. 

(!. I/ 0 |-M|u‘im dr rmlrnlr rsl rohjrl d*iinr ronlmunsr 4‘iitrr k's tlriix pailirs. Ir lllig** doil rlrr rrjialr 

par arliilra^r. (diaqiir paiilr disposr o jours |Mnir iionmirr ini arliiiv. <‘l !<*s driix arlnlivs tnmnnrs 

doivrnl rn rhoisir un Iniisrinr: la drrision rriidnr par dnix drs trois arliilrrs rsl oMigaloirr rl r\t*ruloirr. 
I,rs (Irux pailirs an litifjr pairnl rliaruiir la iiioitir dii roul ilr rarhilrajir, 

I). I iT lihv dr pmprirlr (In rliainp dr ln < lan*s h‘sl4Mlr\4»ln an pitNliirUiii |N*iulaiil lonl<* la tlimV* dr IVnlriilr. 

1.T lilrr dr proprrlr drs rolonirs d alxnlli's loinVs mi \rrlii d«' la prrsriitr rnlrnlr du inairrirl 

d'apirnlliirt* rrslr flr\olu a rapirnllriii priidaiii loiilr la dnrrr <lr IVnlrnlr. 

I.r prrsmitr riilmitr aiiisi <|iir loiilr aiuirx4* 4*1 pi4»rr joinlr 4‘oiisliUiriil r4*nl4*nlr di* srr\ irrs C4nnpl(*lr milri* Irs 
parlirs. rl hintr iiiotidu alioii dr INnitmili* ikiil faiir Tiihirl 41*1111 aiM iml iiuilU4*l t'c*!!! rl sitin'* par Umli's Irs 
jiartirs a la pr4*M*nlr rnlrnlr. 


SKAK. SCKLLK FT DKI.IN RK a: 


(rile'* 01' \ illr) 

(Pm\ inn*) 

Ijoijr.mois.annrr) 

(iiolain* ( Irinoiii) 

(apM-nlteair) 


(iiiiined'o ri\i4|ii4\ B. P.) 

(minirn) ri\ ii|iir. B. B.. 

. B. P.) 


(ril4^ OL \illr) 


(nolaiiv OU Irinoln) 


(iininrm ri\i(|iir, H.U., B. P.) 


(rile* 01 villr) 


(e ilr ()l villr) 


IphMliulriir) 


(miinrmri\i(|ii4'. K. B.. B. P.) 


(rilr 01 villr) 


•' L nr dislam r raisonnahh* rsl <lr 2 a 3 kiloiiiMivs 
1 n driai raisoniiahlr rsl de* 3 juni's apivs rrxpiralimi dr rnilrnU*. 
I n didai raisonnahlc* t*s| ilr 10 jeans. 
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liORm:S REiATtVES I L\ FORCE DES COMjOMES 

A. NOUMKS H)l W \A KOKCK DKS COLOMKS OK KL CHKKS OK CHAMI’S 

1) . l-i colonif (Tun riirher cle rhaiiips STANOAKO (CiATKGORIK *A‘). |M)ur la pollinisatioii «lrs 

champs, picscnic Icc caraclcrislicpics siiivaiilcs : 

a). 1^ siipeificic dcs ravons csl <lc 19 .AOO cm- (3 (MH) po-‘). cl le cfnivain occiipc uric suyicrficie dc 
(>o(M) cm- ( UKM) p<>-'). 

!>). uIkmIIcs soul prcsciilcs cn immhrc suffisanl pour ctuivrir imil Ic (‘omaiii. Kllcs sonl cgalcmcnl 
asscz nomhrcnscs pour hicn couvrirde rayons lOr adrcs standanl. 

c). I,a colonic dispose dc 1.5 k*: (10 Ih) tie mid nu d’linc (juanlitc equivalents dc bonne nourrilure 
|xuir alieillcs autre que la pollen cl le succr^danc dc jxillen. 

2) . l.a colonic d'un ruchcr de champs <lc CATK(i()KIK *IV. utilisee pour la jKillinisatioii des grandee culliires, 
csl line colonic donl la [lopiilalion (ral>eilles cl In couvain sonl d(‘ 25 inrerieurs a ccu\ d‘unc colonic dc 
rmdicr di* champs standard, inais ellc possedc lee aulres caraclerisliques de la colonic d‘un rin hcr de 
champs standard. 

H. NOUMKS K)l H KA KOKCK OKS COl.OMKS OK lUlCHKKS OK \ KlUiKRS 

1) . La colonic d*un ruchcr de vergers STANOARO (CATKiORIK * Vl, utilise pour la pollinisation dcs 
vergers, [ircsenie les caraclcrisli(jij«‘s suivantes : 

at. La supeificie dcs ravons csl de 19 5(K) cm* (.1 (KK) po-). couvain <K-cupc une sufierficie de 4 (KK) 
cm- ((>(H) [h>9- 

bt. Les abcilles sonl prtWnlesen nombre surilsant pourc<UJvrii* loul le comain. Kllcs sonl egalemcnt 
ass(V. noinbreiiscs pour bien couvrirde ra>ons b cadres standard. 

c). La colonic dispose de 4. .5 kg (10 lb) de mid nu (1*0110 (piantile equivalents de bonne nourrilure 
jMHir abcilles autre que la pollen el le succi'^dane de pollen. 

2) . La colonic d'un mcher de vergers de CATK('»0RIK 'B* ulilis(?e pour la pollinisation des grandcs cultures, 
cst line colonic dont la population d‘al>eilles el le couvain sonl de 25 % iiiferieurs it ceux d*un ruchcr de verger 
slaiidard. iiiais die possedc las autres caraclerisli(|ues de la colonic du mcher de vergers standanl. 

NOTK : L*ecai1 dans la force dcs colonies esl attribiiable an fail (juc la pollinisation des vergeis a lieu lot 
ail prinlefis lors(|iie h^s colonics ii(‘ sont pas aussi fortt*s ([ue plus lard dans la saison. a la |W^riode 
de pollinisation des graiides cultures. 
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Aiiii«*\r 2 


u^:FlMTlo^ Of: TERm:s i Tiust:s u ws ve\tk\tf 


CKRTIFK.AT IVINSPKCTION OKFKJKL: (Ifilificiil a<M onl<* |uir uii ins|M^< lrur de m< lu*i-s <lunieiil iiulorise 
iiiilK|Uun( le ivsultat d'unr in>|>e*( lion |MUir drU‘cU*r maladi«*> « \*^ cilM'illt's. 

COLOMK : I'm* mrlu* «*l mhi coiUomil mmI ( adit's. Ice ra\«jiis. la Irs alH*illr> rl la tvim* |K>ndciisc. 

(JOL \ AIN: Fnsemlilt' dcs (Mnils. dt*s lanes H des lumphes de|M»s(*s dans les rayon> d’niu* |•u<•ll(*. 

(X)l \ l{IR LK COIA \IN: A\oir sufnsainineiit (rmivnercs adnites pniir comrir au nioiiis du (*ou\ain (|iii 
se Iroiixe dans les nuons. 

IIAISSK: Rf^cplat le dans lecjiiel les aln’illes emina^isiiu'iil le sur|)lu'*> dr iiiirl: |>ailir dr la mrhr plartV aii-drssus 
dll iiid a roii\ain. 

1NSI’K(TKL R l)K RL (dlKRS AL TORISF: Tonis prrsonm* ((iialifirr possrdant unr iMiiinr r\prri«*nrr praliqur 
drs alirillrs. dr Iriir roniporlrmiMit rl dr Irurs nmladirs; il rsl noimm* oiririrllrriirnl par Ir rninisirr rii \rrlii 
dr la b)i siir I'insjirrlion drs iiirliri>. 

i^FSTIClDF: Suhslanrr an inrlanp* dr sniislanrrs st'naiil a drfolirr las vrj:rlau\ on a rloifiiirr. drlniirr, 
rrj)onss<*r an roinbattrr drs iiisrrlrs. drs rlmmpipioiis. d»*s liarlrrirs. drs nianvais hriRrs. drs ninjirnis, drs 
aniinanx pivdaU'in^ on tonir antrr foniu* d'rtri's \ ivants aninianx an \«'*g('*tanx nnisihlrs (}iii iKmisih'iii an ^(‘n(*nt 
la vrg(^lalion. Irs hiimains. I**s aniinanx ri li's liims nialrrit'ls on <]ni son! pivsmls dans un inilirn. 

RAM)\S: \lv(H)lrs dr riiv roiislmiles dans la inrhr on Irs alM*ill(*s riiima^asinriit Ir ini<*l rl ir |M)llrn. on lirii 
d*rlr\agr dn romain. 

RKINK FK(X)M)K: Rrins {(X'ondr qni dans nm* rolonir pond nn romain d‘on\rirrt\ 

Rl CIIK: Contrnanl an it^ ipiriil roiisimii an amriiap* |«>nrarrnri!lir Irs alirillrs on dans Irijnrl Irs aln'illes luiRitrnl. 
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A|i|M-n<lix III 


LEST OF HIGHLY TOXIC CHEHICALS 
(hiffhlfi flaiif/vroHS to bc>t*s) 


Pi'sliriiir unmc 


Ppsliriilp iiiinip 


VCKKVrF. 

\i,i)ic\mt 

AI-DKIN 

AIKACIPKiniKTItlNA 

AMINOCARB 

AHSK.MCOe AHSKM Vn 

AZI\K()S-K'ril,K 

AZINKOS-VIKTII.K 

BKM)I()CAKH 

lUK^ l^imma-) 

BKOMOKOS 

BH{)\1()F()S-KTII.K 

BITOCABBOSSIMA 

CARBAHIL 

CAHBOFKNOIION 

CARBOFL RAN 

CARBOSLI-FAN 

CIFI.LTRIN 

CIl’KRMKTRIAA 

CLORI’IRIFOS 

a.ORI’IRIFOS MF:m.K 

OKI.TAMKTRINA 

DFMKION-S-MKTII.F 

l)KMF,T()N-S-.MKTII.SOI.F(»\K 

DIAZINOVK 

I)k;i.or\os 

l)IF.I.I)RI\ 

DIMKTOA'I'O 

Dl.NOSKB 

IROXACARB 

DVOC 

Kl>TA(:i.()R() 

KPTKXOFOS 

FTIOFFXCAKB 

FF.XAMIFOS 

FFMTROTION 

FKXOXACARB 

FKXPROPATRIN 

FKXTIOX 


FKXrOATO 

FFXAAI.F.RATF. 

FLLUTRI.X ATK 

FORAIOTIOX 

FOSFAMIDOXK 

FOSMKI' 

FOXIM 

Cl AZ ATIXA 

ISOBKNZAN 

ISOCl.ORTION 

ISOFKXFOS 

1.1NDAM) 

AIAI.ATIOX 

VirrAl.DEIDF 

MFri'AMlDOFUS 

METIDATION 

MKI'll.-KTOVro 

MKTIOCARB 

MKrOMll. 

MEVIXFOS 

MONOCROTOFOS 

NAI.F.I) 

OMFTOATO 

PARATIOX 

l>ARVnO\-\1KTII.K 

PF.RMFTRINA 

PIRIDAFKM'IOX 

PIUIMIFOS-MFTII.F. 

PRKTILACI.OR 

PROPOXl K 

PROTO ATI ) 

yi IXALFOS 

SIT.FOTKP 

TEl'P 

TKTRAa.ORVI\FOS 
TIONAZIN 
TRIAZOFOS 
A AMIDOTIOX 
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A|i|M-mli\ III (|>t 3) 


LIST OF nOUKIttrKLY TOXIC CHEMIC MJi 
(dangeroun lo beos, apply at night) 


l'(‘Ktiri)U‘ name 

I’psliritle nanir 

2.4.5-T 

FF.NCl.ORFOS 

2.4-1) 

FI.WIPROP-MK'm.F 

2.4-l)lt 

FI.AMPROP-M-ISOPROPII.F, 

WIKTHIN \ 

FONOFOS 

VMri'KV/ 

FORVIK 

WllTliOI. 

F()RMF.T\Wn) 

ARAM in: 

FOSAI.ONF 

BI\APAa!II. 

ISUBORMI.TIOCIAXATU 

BHOMOXIMI. 

ISOI.VX 

CWKECI.OUO 

MCPA 

CAKIM’ 

MKCOPROP 

CI.()R\MBK\ 

MF.x \zonf: 

CLORDAM) 

MFI'OSSia.ORO 

a.()RKKMIXKOS 

\I\FA 

COtMAKOS 

01.10 MINKRAI.K 

DAI.M’OX SODil \1 

()S.S||)F.MKTON-\lFTII.K 

1)1)1) 

OXAMII. 

DDT 

P\R\(,)LAI 

DKMrrON MKTII.K 

PFRTWF. 

1)1 A UFOS 

PIR\ZOFO.S 

DICAMBA 

PIRIMICARB 

DICl.ORW 

PROFFNOFO.S 

DIVIKTII.AN 

PROPAMI, 

DINOBLTON 

ROIKNONK 

mOWTION 

.SCIIRADW 

DISl l.KOTOX 

SI I.FAI.I.VI'K 

DIIAMll.l-OS 

tkmf;fos 

mriwoN 

'IKRBliFOS 

KNDOSl I.KAN 

TIODICARB 

KNDOTAI, 

riOMFION 

KNDOTION 

Tloyi i\o\ 

KNDRIN 

TRAMI) 

K.m; 

TRICl.ORFON 

KTION 

rmci.oRONvro 

K'lOKLMKSA'IK 

ZIR\M 

KTOPROFOS 

ZIRFB 

K\ITI\ZO\ 
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UST OF nOUEItlTKIA TOXIC C'flFTflC'.ll^S' FOR BEES 
( use late in the day or when bees not in flight ) 


I’t'slicifh' nnme 


I’psliciilv nnme 


I’psliciile nnme 


2.3.6- lit \ 

a(;ii)()(;ii!bkhki.i.k;() 

\ai)() CmilKRF.I.I.ICO G A I + «; A7 
AGIKI.LOItKK.S SODIL M 
AI.AGl.OK 

AI.OSSIKOl’-KI’OSSIKTM.K 

AMI.\/IN\ 

AIKA/INA 

AZOGIGI.OTIA 

HAGii.u s'mi kin<;knsis 

BAKBAN 

BKM'l.l H\1.I\ 

BKNOMIL 

HKMAZONK 

BKNZO.'^SIMATO 

BBt)MACII,K 

BKOMOKKNOSSIMA 

BKOMOl’KOI'II.Vm 

BIPIBIMATK 

BITII.AI'K 

CAITAFni. 

CAITANO 

CABBKNDAZIVI 

CABBOSSINA 

CHINOAIKTIOWTO 

ClANAZINA 

CIKXATIN 

Cl.OKKXlKZINK 

G1.()IMKAI.II) 

Gl.OHBKNSIDi: 

U.OBDIMK.KOBM 

GLOBreNKTOI, 

(;i.(»RKKNS()N 

CI.OIU'KINSII.HDK 

GLOKI'l.l KKNOI, 

ci-OBMKyi .vr 

GM)l!()BKNZII.ATO 

GMmoi’BOI’II.ATO 

CUmoTAl.OMI. 

GI.OBOXIBON 

GI.OBI’BOKAM 

GI.OBTAl.-DIAIKril.K 

GLOB I'Ol.l BOX 

DAZOMKI 

DKSMLDII-AAI 

l)K.S\IK.TmXA 

DICLOBKMl. 

DIGLOKOP-MnU.K 


DIGI.OXK 

DICl.OBl’BOP 

DICOKOI. 

DILXOGLOB 
DILKXAABDK 
DILK.XZoyi AT 
Diri.l BKXZl BOX 
OIMKTIBIAIOI. 
mXOGAI* 

Diyi AT 
DllBOX 
DOItKMOBI- 

ooniw 

KDIKKXKOS 

KTAGKI.A.';||, 

KIKKON 

KTIDIAIIBOX 

KTIBIMOI. 

I'KX AAIIXOSLI.I- 

FKNABIMOI. 

IKXAZAI-l.OB 

I'KXItlTATlX OSSIDO 

l■■KXGI,OBI\l 

KKXMKDIKAAI 

FKXI’BOI’IMOBF 

FKXSOX 

FFXriX ACKl VrO 
FF.XTIX lI)BOS.Smo 
FKBBAM 

Fl.l AZIFOI>-l>-BlTII,K 

Fl.lBFXZIMIX 

Fl.l OBOGLOBIDOXK 

FLIOBOOIFFX 

Fl.l OSILIC VId 1)1 BABIO 

Fl.l BFXOI. 

Fl.l \ AI.IX ATF 

FOI.PKT 

GUFOSATF. 

IDB AZIDF; AIAI.F.IGA 
IM AZ.AMKTABFXZ 
lOXIXII, 

IPBODIOXK 

ISOPBOPAI.IX 

ISOXABKX 

LIM'llOX 

MAXGOZF.B 

MAXKB 

Ml -.Pit 


MKrAl.AXII. 

aifxamukox 

MF.TAM-.'^Oim M 
MFTIBAM 
MKTOBBOVIl BOX 
MF.TOI,U;i,OB 
MF.TOXI BOX 
MF.'1'BIBLZIX 
MOl.IXATK 
XABAM 

XAPBOPAMIDP; 

XAPrALAM 
XIGOTIXA (.SOI.FATO) 
OSSIGABBOSSIXA 
OX ADIXII. 

OXIFI.IOBOFFX 

PF.XGOXAZOI.O 

PFXDIMFTAI.IX 

PIGI.OBAX 

PIBFIBIXF 

PIBIDATK 

POl.I.SOl.FL BO 1)1 BAKU) 

POI.ISOI.it bo 1)1 GAI.GIO 

PKOFAM 

PBOMFTRIXA 

PBOPACI.OII 

PBOPAAIOGABB 

PBOPABGITF. 

PBOPIGOXAZOI.O 

PBOPIXF.B 

PBOPIZAMIDF 

B \MF (COMIX)STI IXOBGAXICI) 

SFXBl MFTOX 

SF'IOSSIDIM 

SIMAZIXA 

TGA-.SODIIM 

TFBBIMKTOX 

TFBBi rmx.A 

TFTHADIFOX 

IIAZAFI.IBOX 

TIB AM 

riilADIMFFOX 
TBICI.OPIB 
Till FI. I RAI.IX 
TBIFOBIXF. 

VIXGI.OZOI.IX 

ZIXKB 

ZOl.FO 
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